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ABSTRACT
The patterns design in Geringsing textiles are unique because they are produced
using the double-ikat weaving technique. The double-ikat weaving technique is found in
only three places in the world: India, Indonesia, and Japan. Geringsing textile is produced
in Tenganan Pegringsingan in Bali, Indonesia, and its culture passes from generation to
generation as an oral tradition. To preserve, document, and digitize this knowledge, a
sequential research methodology of ethnography and simulation with visual computation
analysis—shape grammar—was employed in this study. This study was divided into
several stages: (1) learning the double-ikat technique from the artisans on the site, (2)
translating the technique into a culturally specific shape grammar, (3) modeling the
grammar into a design application, and (4) verifying the culturally specific design
application to the local artisans and younger generations by revisiting the site. The study
contributes to the extension of shape grammar for preservation of cultural heritage by
integrating cultural knowledge with the process of decoding the rules and verifying the
design application that is built upon the rules with the local artisans and members of the
younger generations. Additionally, this culturally specific shape grammar and culturally
specific design application can be used as a design tool for the local artisans as well as a
supplemental tool in transmitting the cultural knowledge to the younger generations.

Keywords: shape grammar, Geringsing textiles, pattern design, culturally specific,
double-ikat
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CHAPTER ONE
INTRODUCTION

1.1. Background information
The convention held by United Nations Educational, Scientific and Cultural
Organization (UNESCO) in 2003 established the importance of preserving traditional
craftmanship as one of the domains of Intangible Cultural Heritage (ICH). According to
UNESCO (2003), “intangible Cultural Heritage includes traditions or living expressions
inherited from our ancestors and passed on to our descendants, such as oral traditions,
performing arts, social practices, rituals, and festive events, and the knowledge and skills
to produce traditional crafts” (“What is Intangible Cultural Heritage,” n.d.). Traditional
craftmanship is perhaps the most tangible manifestation of intangible cultural heritage.
The focus of preservation involves both the cultural creation itself—the craft form and
design—and the ways that the accompanying expertise is transmitted or reproduced over
time, particularly within the communities that own the tradition.
The preservation of cultural creation has been accomplished through the creation
of digital formats, defined according to the Guidelines for the Preservation of Digital
Heritage as “texts, databases, still and moving images, audio, graphics, software, and
web pages, among a wide and growing range of formats” (National Library of Australia,
2003, p.13). The cultural resources of human knowledge or expression are increasingly
being created digitally or converted into a digital form such as an existing analogue
resource as a way to preserve it. This conversion of cultural knowledge from cultural
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creations—pottery, textiles, basketry, architecture buildings—involves an
interdisciplinary approach. Many researchers from different fields of study—archeology,
art history, design, architecture, mathematics, computer science—are interested in
studying cultural creations for a variety of purposes, including formalizing the grammar
of the designs that appear in the artifacts (Stiny, 1977; Stiny and Mitchell, 1978; Knights,
1990), identifying the symmetry preferences in artifacts to uncover relationships among
surrounding areas (Washburn and Crowe, 1998; Washburn, 2004), determining the
hidden mathematics beyond the crafts (Gerdes, 1988; d’Ambrosio, 1985), and
transforming the calculations beyond the craft into a program (Babbit and Eglash, 2012;
Dimitropoulous, 2017)
There are challenges in keeping this digital heritage usable and available,
especially for the community who owns the tradition. For example, Leavy (2007)
digitized the arts, culture, and landscape of an aboriginal land that had disappeared. In
addition, Dimitropoulous (2017) has created an interactive program, inviting users to
learn the skills from an old tradition; however, this program is designated for a greater
community, not a local one. Introducing the culture to a larger community is important as
it promotes intercultural dialogue. But reinforcing the transmission of the tradition within
the communities, in a sense, is more beneficial because it is part of the fabric of the local
daily life. This local transmission is essential where the traditional creation is still
actively practiced, even if the number of artisans is declining.
Today, globalization poses significant challenges to the survival of many
traditions, one of which is traditional forms of craftmanship design. Young people in
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communities may find the required, sometimes-lengthy apprenticeships too demanding,
though they are necessary to learn the many traditional forms of the craft. This
knowledge may disappear if family or community members are not interested in learning
them. More importantly, some traditional craftmanship knowledge has been transmitted
from generation to generation through an oral tradition, and as a result, it is not welldocumented, adding another potential form of loss.
At the same time, the current globalization resulting from the increased spread of
technology influences how younger generations are exposed to traditional crafts. Most of
the younger generations have little interest in sharing their own cultures as they think that
being global and following popular trends are more important than maintaining their own
cultural heritage. The advancement of technology has affected people’s way of life all
over the world. And to sustain and preserve the transmission process for the future
generations of the local communities, a digital form of their cultural creations can be used
to entice the younger generations to both understand and perpetuate their own cultures.
Even though the process of transmitting local cultural heritage occurs in daily life,
technology can be used to strengthen this transfer. The challenge becomes how to
translate a culturally specific algorithm into an application that is also culturally specific,
implying that it can be applied by both the local artisans and their younger generation.
The process of transforming an oral tradition into a digital form involves careful
decoding to avoid misinterpretation. During this transition, indigenous algorithms
consisting of the grammar and syntax used by the artisans in their craft are developed.
Thus, the resulting cultural creation produced is based on the cultural knowledge owned
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by the local people in a specific area. Hence, to understand the significance of a cultural
creation, understanding the meaning and investigating the design or shape of the cultural
creating can provide a broad perspective of a cultural.
The cultural knowledge owned by local artisans is the foundation for creating
cultural creations; therefore, by understanding a cultural creation, a researcher can trace
the cultural knowledge behind it. If a cultural creation is still actively produced, a more
complete understanding of the creation’s meaning can be acquired from its first-hand
creators. However, if the opposite is the case or if it has become an artifact, an
archeologist, historian, or researcher is able to trace information through documentation
and historical accounts.
In the design and computational fields, an understanding of grammar from a
cultural product is traced using shape grammar (Stiny and Mitchell, 1978), which
provides a new source of inspiration in the design process (Knight, 1998). In the
ethnomathematics, Gerdes (1988) indicated that the process of understanding the hidden
mathematics involved requires immersing oneself within the artisans’ lives to understand
their way of creating the product. Therefore, the researcher needs to become an insider in
order to understand the cultural knowledge before translating the design from the cultural
creation. Although this process of interpretation takes a long time, it can minimize the
misrepresentation of a design. Shape grammar is a powerful tool for understanding the
grammar of a design artifact; however, few of the research on this area investigates how
integrating cultural knowledge with it can reduce misinterpretation of the design.
Integrating cultural understanding into shape grammar formalism can allow a researcher
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to achieve a culturally specific shape grammar that is translated based on the local
artisans’ rationale, with the result of this culturally specific shape grammar being able to
be simulated into a design application that can be used by the local community in
transmitting their cultural traditions in light of the issues of globalization and the
advancement of technology.

1.2. Research Focus
This research focuses on how to translate a cultural creation made with unique
traditional craftmanship into a culturally specific shape grammar and then how to
simulate it into a culturally specific design application that can be used by both local
artisans and younger generations. This interpretation requires an understanding of the
cultural knowledge behind the cultural creation learned through fieldwork before the
translation process begins, followed by revisiting the site to verify the digital format with
the local participants. The purposes of this final visit are to ensure that the digital design
reflects the artisans’ rationales and that the locals can use the application.
Integrating technology and computational design theory, specifically shape
grammar, without losing the cultural significance in the translation of a cultural tradition
is the primary challenge faced by this research. Transforming cultural knowledge
embedded in a cultural creation from an oral tradition into a digital format requires a
sequential approach that involves careful decoding. Therefore, a sequential methodology
of ethnography and simulation is a suitable combination for (1) understanding the cultural
knowledge of the artisans who create such cultural creations and then (2) examining and
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simulating a culturally specific shape grammar, i.e. the set of rules necessary to create a
cultural creation based on the artisan’s worldview.
To see how the process of preserving in translation is applicable to traditional
craftmanship, the creation process of Geringsing textile patterns is discussed thoroughly
in this dissertation. According to Hauser-Schaublin, Nabholz-Kartaschoff, and Ramseyer
(1991), “This demanding and time-consuming process is only known in only three places
in the world: India, Indonesia, and Japan, while in the entire Indonesian archipelago it is
practiced only in the Tenganan Pegringsingan.” (p.117)

Figure 1.1. The three locations where the double ikat weaving technique is still found

Tenganan Pegringsingan village is located in the Karangasem Province,
approximately a two-hour drive from Denpasar, the capital of Bali Island.
Geographically, this village is between two hills and a mountain, Mt. Agung. According
to the village chief, Tenganan Pegringsingan village has a population of 688 inhabitants
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with their main sources of income being rice cultivation, basketry, and the textile
industry, which produces the Geringsing textiles. This village, which is also a tourist
destination in Bali, is referred to as “Bali Aga,” meaning that the indigenous people
living there still preserve traditional Hindu ceremonies. This village firmly upholds the
legacies of their ancestors, which makes it different from the other villages in Bali that
follow the Balinese Hindu tradition. The most important legacy in this village is the
Geringsing textile, which is primarily used for objects to be offered and worn during
religious ceremonies in this village and in the surrounding Bali region.

Figure 1.2. The location of Tenganan Pegringsingan village in Bali, Indonesia (The image is
taken by I Putu Yudiana, ST)

The transmission of the cultural knowledge for creating Geringsing textiles in this
village passes from generation to generation through an oral tradition. Documenting the
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knowledge of creating patterns and data basing of the Geringsing textiles patterns that
produces in this village can provide a complete documentation that can be hand down to
the next generation. Form the numerous studies about Geringsing textile patterns, few of
them that is concentrating on the study of the significance of Geringsing textile patterns
along with systematic analysis of the patterns.
The process of creating these textile patterns is demanding and time-consuming.
During the 1980s, the production of Geringsing textile decreased but increased again in
the 1990s when the village became open to public access, resulting in an increase in the
number of tourists. The process of creating Geringsing patterns, which is both timeconsuming and demanding, has changed over time. The transmission of these tasks
involves shadowing by members of the younger generation in the workshop. However,
the young people currently show little desire to continue this cultural heritage; once they
finish in the workshop, they do not use the knowledge directly. Most of them refuse to
continue creating Geringsing textiles, choosing instead to work outside of the village
earning income from other sources.
To preserve and reinforce the transmission process of this invaluable
craftmanship, a digital format can be one way to safeguard it, as suggested by the
UNESCO. Digital format can be categorized as texts, documents, and/or software.
Documenting and digitizing this cultural knowledge to be accessible and usable for the
local community is an approach taken in this study by keep maintaining a proper care in
the process of translating this cultural knowledge.
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1.3. Research Relevance
This study involves an interdisciplinary approach incorporating the areas of
anthropology and design and computation. Applying these approaches consecutively
provides different perspectives to the research area of preserving Intangible Cultural
Heritage as initiated by UNESCO. More specifically, the procedure applied in this study
adds value by developing a guideline for translating the traditional practices of cultural
heritage that are endangered but still practiced by local communities into a culturally
specific shape grammar and then into a culturally specific design application. This
procedure involves a sequential explanatory research methodology of ethnography and
computer simulation to allow the translation process of the cultural knowledge of
Geringsing textile patterns to preserve the artisans’ rationales. This methodology can
only be conducted through fieldwork to gain first-hand data from participant artisans.
The shape grammar, the set of shape rules for creating a cultural creation that is
extracted from this process, is culturally specific since the process of translation is based
on fieldwork data and the learning process that the researcher fulfills with the artisans on
the site. The design application is also culturally specific because the researcher revisited
the site to verify the application with the local artisans and the younger generation in the
village, further revising the application based on their feedback. This culturally specific
design application that was created based on a cultural knowledge of the artisans was
returned to the village so that the younger generations and artisans could utilize it as a
supplemental tool in transmitting their cultural heritage.
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1.4. Research Aims and Objective
The aims of this study is to provide a guideline or framework for how to
authentically translate Intangible Cultural Heritage into a culturally specific shape
grammar to be able to transform it into a culturally specific design application.
More specifically, the objectives of this study are to:
1) Explore the cultural knowledge behind the cultural creation of Geringsing textile
patterns produced in the Tenganan Pegringsingan village in Bali, Indonesia, by
conducting fieldwork at the site.
2) Identify the culturally specific shape grammar—the set of shape rules developed
based on cultural knowledge—that can be used in the process of creating
Geringsing textile patterns based on an understanding of design and computation
theory.
3) Create a simulation of the algorithm in an application that is user-friendly for the
local artisans and the younger generations at the local site.

1.5. Research Questions
1) How does the Tenganan Pegringsingan culture influence the Geringsing textile
patterns?
a. What is the significance of Geringsing textiles pattterns for the people in
Tenganan Pegringsingan?
b. How are the Geringsing textiles patterns produced by the artisans?
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2) How can the process learned from the artisans be captured into culturally specific
shape grammar of Geringsing textile patterns?
3) How can we simulate the culturally specific shape grammar into a culturally
specific design application and verify it with the local community?

1.6. Overview of the Chapters
The first chapter, the introduction, provides background information that
introduces the reader to the topic and the research focus and provides information on the
rationale for the study and on the research value to demonstrate how this study
contributes to Interdisciplinary Design and Computation. It concludes with the research
aim and objectives, providing specific statements that define the measurable outcomes
expected from this study.
The second chapter reviews the literatures from four areas: Geringsing textiles,
cultural heritage, ethnography studies, visual computation theories—shape grammar and
symmetry. Each area related to the study reported here and any gaps in the literatures are
addressed through this research. Review literatures in those four areas of studies lead the
researcher to a theoretical framework for answering the research questions.
Chapter Three details the two phases of the research methodology used in this
study. The first phase employs ethnography, and the second employs simulation. This
chapter also details the procedures used for conducting this research, including the
strategies for data collection and data analysis.
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Chapter Four is an ethnography report on the significance of the Geringsing
textile for the inhabitants of the Tenganan Pegringsingan village. The data collection
methods consisted of audiotaped interviews, videotaped and field noted for participant
observation, and documentation from textile museums with a Geringsing textile
collection. The transcripts, field notes, and catalogs were coded to create categories and
subcategories of the cultural meaning of protection. This section is divided into two parts:
the significance or meaning of Geringsing textiles followed by the technical aspects of
the process creation.
Chapter Five primarily focuses on extracting rules from Geringsing textile
patterns using shape grammar and symmetry. Cultural information from Chapter 4 is
used as basic information to support the analysis of the Geringsing textiles patterns.
The rules extracted in Chapter Five will be used to develop the pseudocode for the
programming language that is detailed in Chapter Six. The design application is
developed, then is verified with the artisans and the younger generation in the village.
Chapter 7. Discussion and Conclusion.
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CHAPTER TWO
LITERATURE REVIEW

2.1. Introduction
The literature review in this study covers four area of studies: (1) Geringsing textile, (2)
traditional cultural heritage, (3) ethnography studies, and (4) visual computation,
including: shape grammar and symmetry. The review of these four areas provides
information on the current issues surrounding preserving cultural heritage, the challenge
of transmitting the cultural tradition of Geringsing textiles to succeeding generations, an
approach for understanding the design of cultural creations through ethnography studies
with the help of the theories of shape grammar and symmetry to investigate the patterns
of Geringsing textiles. Reviewing these four areas of study led to a theoretical framework
for addressing the challenge on how to translate cultural knowledge into a digital format
that is aligned with the local artisans’ rationale, accessible and available for the local
community, and supported the transmission to the younger generation in the local
community

2.2. Geringsing Textiles
This section reviews the research in which Geringsing textiles have been studied
including the methodologies used along with the studies on Tenganan Pegringsingan
village where these textiles are produced. The purpose of reviewing past research on both
the Geringsing textiles as well as the traditions of the village is to place the textile within
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the context of the cultural location. The concluding part of this section discusses the
challenge of transmitting the cultural knowledge of producing Geringsing textiles to the
next generations.
The study of Geringsing textiles is divided into two areas: the meaning behind the
Geringsing textiles and their structure/form. The meaning behind the Geringsing textiles
includes the symbolism that appears in the Geringsing patterns and the importance of the
textiles to the people in the village. The structure of Geringsing textiles includes the
technique for producing them and their categorization. The use of Geringsing textiles as
related to the customs and traditions of the people in Tenganan Pegringsingan along with
the challenge of transmitting this cultural knowledge is discussed in a separate section.

2.2.1. The History and Meaning of Geringsing Textiles
The customs and traditions of this village are different from those of other
villages in Bali even though all inhabitants of Bali Island follow the Hindu tradition.
According to Korn (1960), the Tenganan Pegringsingan village is different from the other
villages in Bali, especially in their traditions and village administration. In his article,
“The Village Republic of Tenganan,” he explains in detail how this village administers its
own territory and preserves its traditions in ways contrasting those found in other villages
in Bali (Korn, 1960, p.304).
Specific to the study reported here, Niewenkamp, a researcher who came to Bali
in 1910, found the fabric created in Tenganan Pegringsingan village to be remarkable.
This fabric, called Geringsing, did not simply consist of an ikat weft, but the warp also
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seemed to have been treated in the ikat manner (as cited from Ramseyer, 1983, p.17).
This technique later became known as a double-ikat weaving technique. Because this
technique is demanding, not many places have preserved it; in fact, there are only two,
India and Indonesia (Ramseyer, 1983; Dhamija, 2002). Specifically, Geringsing is
produced in Indonesia, and Patan Patola in India. To determine the origin of the textile
produced in Tenganan Pegringsingan, Breguet took blood samples from a large
percentage of the population of the village, finding that eighteen citizens possessed a
special enzyme, LHD calcuta 1, a characteristic of the Indian population that is extremely
rare outside of the country (as cited in Ramseyer, 1983, p.25). His data suggest the
possibility that the ancestors of Tenganan Pegringsingan may have come from India.
Based on this information, it can then be hypothesized that the double-ikat technique was
probably transferred to Indonesia from people in India who migrated to Tenganan
Pegringsingan village.
More recently, Hauser-Schaublin, Nabholz-Kartaschoff, and Ramseyer (1991)
suggested that the double-ikat weaving technique exists in three places in the world,
India, Indonesia, and Japan, a conclusion that supports Tomoki and Jun’s (1982) finding
that the double-ikat weaving technique was also practiced in Japan. These researchers
argued that this weaving technique in Japan was perhaps accidentally produced by
weavers using unevenly dyed faulty yarn, resulting in unexpected patterns (Tomoki and
Jun, 1982, p.8). The double-ikat weaving technique developed in Japan is simpler in
terms of color and patterns compared to other two places. The Japanese textiles produced
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using this technique, referred to as Tate-yoko Katsuri, consistently use two colors, white
and indigo; the patterns in these textiles are repetitive geometric shapes.
The assumption that Patan and Tenganan Pegeringsingan are interconnected has
motivated research comparing their textiles. After studying both areas for several years,
Buhler, Ramseyer, and Ramseyer-Gygi (1975), who also exhibited the textiles and
created a catalogue in German, found that Patan Patola and Geringsing were used for
ceremonial purposes in their original areas and that the textiles exhibited the same pattern
structure, both having border and body patterns (Buhler, et.al, 1975, p.9). A second
exhibition, The Voyage of Cloth held in Bank Duta, Indonesia, in 1988, was sponsored
by the Indonesian textile designer, Iwan Tirta, and the Gujarat State Handicraft and
Handloom Development. The catalog exhibited not only Patan Patola but also all types of
textiles from India that had influenced Indonesian textiles. An interesting note from this
catalog is that despite the large quantities of Indian textiles exported to Indonesia over the
millennium, Indonesia retained its own traditions.
The double-ikat textiles from India and Indonesia exhibit more similarities in
terms of patterns and colors than the double-ikat textiles produced in Japan. Thus, Tomita
and Jun’s (1982) suggestion that the double-ikat textile in Japan has no close relationship
with the double-ikat textiles from Indonesia and India appears might be accurate.
People in Tenganan Pegringsingan village firmly hold onto their legacy from their
ancestors because that is the only way to live in harmony with nature (Gittinger, 1999;
Ramseyer, 2009). Village administrators enforce policies to sustain their forest and rice
field resources, and while villagers take advantage of nature’s offerings, they do not
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overuse them. To express their gratitude, they pay their respect through offering
ceremonies. They believe that in preserving nature, their future successors can live
happily (Personal communication, March, 2018). According to the researcher’s
experience visited this village, while the people in this village are humble and respectful,
at the same time, they are also flexible and open-minded, as seen in their attitudes
towards the researchers who come to visit their village. They welcome these researchers
and are willing to explain their traditions.
In this village, Geringing textiles are used as objects to be offered and worn.
According to Suwati (1987), the textiles are used only for religious ceremonies because
people in Tenganan treat the textiles as sacred objects. They use them following certain
rules based on their traditions. For example, as Ramseyer (1983) explains in his study,
the Tengananese use the Geringsing for ceremonies that have different rules for men,
women, girls, and boys. Overall, Geringsing textiles have 27 patterns; however, there are
no studies discussing the relationship between these patterns and their ceremonial uses.
According to Mohan (2018), “the charisma of the Balinese piece of cloth is
generated by combining elements of pattern, color, and technique in relationship to one
another” (p.10), suggesting that the meaning and symbolism which appear in the Balinese
textiles are interconnected. In Balinese cosmology, the everyday and the ceremonial, the
sacred and the secular, cannot be clearly separated; instead, they flow in a continuum of
more sacred, sacred, and less sacred. The same rule applies to Geringsing textiles, with
this textile being used as an object for offerings and as garments for religious ceremonies.

17

Geringsing textiles have several uses both within and outside the village. Inside
the Tenganan Pegringsingan village, this textile is used in almost every religious
ceremony from that of the newborn baby to cremation. A newborn in this village requires
an initiation ceremony in which the Geringsing textile is offered before it is used by the
baby. In addition to being used as an offering, these textiles are worn for such ceremonies
as Kasa and Sambah (Ramseyer, 1983,1985, 2009; Kohn,1960), the most important
religious ceremonies in the village where the Tengananese use them as ceremonial
garments worn by different genders and following different rules. The rules of the use of
these garments have been studied in detail by Ramseyer (1983, 1985, 2009).
According to Kohn (1960), “Geringsing is derived from the word Gering and
sing, Gering is sick, and sing is no, so Geringsing is free from sickness” (p.314). This
definition of being free from sickness also has connotations as protection or sacred.
Almost all textiles produced in Bali have a relationship with sacred power because they
are created for offerings and garments for religious ceremonies (Mohan, 2018; Gittinger,
2005; Utami, 2011). For example, Mudra (2018) found that the basic concept of a pattern
that appears in one of the textiles, specifically named Geringsing Wayang Kebo, is tapak
dara or a plus sign. However, this study did not explain if this pattern applied to other
Geringsing textile types nor the relationship between the plus sign and the cultural
knowledge of people in this village.
The use of Geringsing textile outside the village is also related to religious
ceremonies, such as tooth fillings and cremation ceremonies (Utami, 2014). The people
in Bali believe that Geringsing textiles can give ease and protection when used for ritual
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purposes. However, studies rarely discuss directly the connection between the literal
meaning of word Geringsing—no sickness or protection—and how this meaning is
implemented into the creation of Geringsing textiles. The implementation of this concept
must be seen from the perspective of the makers and users so that the cultural knowledge
can be understood thoroughly.

2.2.2. The Form of Geringsing textiles
The ikat technique in generally divided into two types: single-ikat and doubleikat. The word ikat means to bind; in the context of textile production, it refers to the
tying or wrapping of a bundle of yarn with a certain type of rope to maintain the original
color during the dyeing process (Battenfield, 1978; Gelder, 1980; Tomita 1982). The
technique of single-ikat requires that either the warp or the weft is wrapped and dyed
prior to the weaving process, while the double-ikat technique requires that both the warp
and weft are dyed before the weaving process.
According to Pebryani (2018), the pattern structures that appear in Patan Patola
and Geringsing are consistently repetitive and reflective, a conclusion that she bases on
her investigation of four samples from each using symmetry group theory. Her results
show that Patan Patola has more variety classes under the symmetry group than
Geringsing textiles. While all classes found in Geringsing are also included in Patan
Patola textiles, not all those in Patan Patola are found in Geringsing. This study
suggested the possibility that the double-ikat weaving technique may have come to
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Indonesia from India. However, why Tenganan Pegringsingan village is the only place in
Indonesia that still produces the textiles using double-ikat technique remains unclear.
Several studies have categorized Geringsing textiles based on their physical
appearance. According to Gittinger (1979), the total number of Geringsing textile pattern
types is approximately twenty. Although this is the first study describing the Geringsing
pattern types in formal literature, she did not mention the name of each pattern type. In
her book, Handwoven Textile of Southeast Asia, Fraser-Lu (1989) indicated that people
ordered eight of these twenty patterns most frequently from the weavers. In addition, she
also redrew those eight Geringsing textile patterns, representing the first study to redraw
Geringsing textile patterns in black and white form.
More recently, a study conducted by Hauser-Schaublin, et.al (1991) categorized
Geringsing textile into following four groups based on the geometric shape of the
patterns in the textiles: (1) horizontally/vertically oriented geometric group, (2) regularly
repeating patterns composed of stylized flowers, lozenges, and stars, (3) motifs arranged
in clearly distinguishable, checked rectangles, and (4) central field patterns. He included
the groups along with the name of the textile pattern types.
Since the knowledge of creating Geringsing textile patterns is an oral tradition,
various studies have focused on the inventory and documentation of these textiles.
According to a study conducted by Sudharsana (2003), there are twenty-one Geringsing
textile patterns, a finding similar to the results from the study conducted by Sadevi and
Singke (2014). They researched the development of Geringsing textiles from 1990 to
2014; at the beginning of the 1990’s, there were only twenty-one textile patterns, but by
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2014 this number had increased to twenty-five. However, this study did not visualize or
add images of the new Geringsing textile patterns types. The most recent latest research
by Mujaddidah and Wahyurini (2016) showed detailed images of the new, contemporary
Geringsing textile patterns produced in Tenganan Pegringsingan village. The new
patterns, which follow the original design concept, integrate the old patterns into one
textile, referred to as mesemayut or prembon.
Geringsing textiles consistently use three colors, light yellow, red, and black
(Sudharsana, 2003; Hauser-Schaublin et,al, 1991), with the latter two serving as the
background color. There are specific patterns (geringsing wayang kebo, geringsing
wayang puteri, geringsing patlikur isi) which employ only light yellow and black.
Although those Geringsing textiles include only two colors, the process of dyeing
remains for three colors because black is produced by mixing indigo and red.
In terms of width, Geringsing textiles are divided into four different sizes based
on the stripes in the loom: fourteen, twenty-four, twenty-seven, and forty-two. These
sizes are embedded with the name of the Geringsing textile, but sometimes for outsiders,
the patterns names are mentioned without their sizes.
Of the studies on the categorization of Geringsing textiles, none decodes every
type into a detailed structural pattern. This detailed pattern structure is important in
comprehending the design language used by the artisan in the pattern’s creation. This
complete documentation would be beneficial for the village for persevering and passing
down the tradition to the next generation. In addition, this documentation could be used
by this village to obtain copyrights, which are currently difficult for the village to obtain
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because the Geringsing textiles are owned by the community and are considered
intangible cultural heritage. The only way to get acknowledged is to add Geringsing
textiles to the UNESCO list, a process which requires detailed documentation.
In 1979, Ramseyer and Gygi spent approximately 18 months in Tenganan
Pegringsingan village filming the entire Geringsing textile production process for a
specific type of textile, the Geringsing sanan empeg. Some of the steps were shortened
because the entire process takes approximately three to five years. Their video
documentations, which includes descriptions in German and English, show that the
artisans still use the old textile as a template in the wrapping process and the old type of
rope to wrap the threads (Ramseyer, 1979; Gelder, 1980). However, today this process of
creating Geringsing in the village has changed, meaning some segments of their
documentary are outdated or no longer practiced in this village and need to be updated.
Although Ramseyer and Gygi’s study (1979) provides fundamental information about
calculating the warp and weft, their information is limited in that it refers to only one type
of pattern. As a result, there is a need to provide documentation of the pattern structures
for all patterns produced in this village as a database for the next generation.
While the technical process of double-ikat weaving is detailed in other studies,
Battenfield (1978) does not specifically describe the original double-ikat found in the
Tenganan Pegringsingan village, instead, they apply the technique based on Ramseyer’s
document to create their own pattern. This document is considered outdated, and other
literature does not primarily focus on Geringsing, making it difficult to determine the
cultural knowledge of the artisans from Tenganan Pegringsingan village without directly
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experiencing the process in the field. Therefore, a detailed explanation of the patterns
structure can be achieved only through immersion in the context while at the same
analyzing the patterns.

2.2.3. The challenge in transmitting the cultural knowledge
International tourism has deeply changed Bali since the 1980s; as a result of the
island’s tourist-related development policy, Tenganan Pegringsingan village was selected
by the local government as a tourist destination. Hence, this tourism has changed the
island’s economic structures, benefiting the local people, especially by increasing their
income from their textiles. This growth in tourism has also led changes in the process of
creating Geringsing textiles, including changes in the Geringsing textile patterns.
Because there are a limited number of pattern creators in the village and they want to
create new Geringsing textile patterns that follow the philosophy of Geringsing textiles,
they need a design tool that can help them create new patterns as well as a database of
past patterns that have been created in this village.
The administrator in Tenganan Pegringsingan village initiated a workshop for the
younger generation to facilitate the transmission of the cultural traditions to these young
people. However, these youths usually do not practice this tradition immediately after they
attend the workshop as they are still of school age. For instance, the girls receive training
on the process of creating Geringsing textiles, but they usually are not involved in weaving
directly after they receive this knowledge. However, most of these young people are
technologically literate, able to use smartphones and other technologies, and the internet is
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also available in this village. Supplementing the transmission process with a digital format
may be a viable approach for introducing knowledge about their own cultural traditions, as
they can use an application to study their culture as well as to contribute to the creation of
new patterns for Geringsing textiles.
Based on the current need for a template to develop new patterns related to the
philosophy of Tenganan Pegringsingan village, a design application that is culturally
specific would be valuable to support the pattern creators. In addition, this design
application could also be used to engage the younger generation in the village as a
supplemental tool in transmitting the cultural knowledge for creating Geringsing textiles,
and as a result, it is expected that the younger generation will be more engaged in
contributing in designing new Geringsing textile patterns designs.
One of comments from the village chief recorded by Ramseyer (2009)
characterized the many young men in this village as “visibly amused about their ritual
acting or even ashamed, because they think their local traditions to be out-of-date and
detrimental to a modern life as Indonesia citizens” (p.88.). In other word, some of them
do not see the importance of their own traditions. Changing the point of view of the
younger generation concerning their cultural heritage may require a new approach, a
different format for their tradition, for example a digital application that can be accessed
on a smart phone or some other piece of technology to supplement the transmission
process, one that the younger generation sees as their own tradition. They could also use
it for other things like playing games while also learning the fundamental philosophical
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concepts of their culture. Such a format of cultural tradition as a supplemental tool may
one way of engaging the younger generation.

2.3. Traditional Cultural Heritage
The United Nations Educational, Scientific, and Cultural Organization
(UNESCO) promotes traditional craftmanship as one of the Intangible Cultural Heritages
(ICH) that needs to be preserved. ICH, which is an important factor in maintaining
cultural diversity in the face of growing globalization, involves the process of preserving
both the cultural creation itself—the craft form, the design—and the ways that expertise
is transmitted or reproduced over time, particularly within the craft’s communities.
Reinforcing the transmission process is essential for preservation, especially for
cultural traditions that are still practiced. Local transmission occurs in the daily lives of
the people in the area where a cultural tradition is practiced; however, young people in
such communities may find the often-lengthy apprenticeships necessary to learn many
traditional forms of craft too demanding. Younger generations have little self-interest in
sharing their culture as they believe that being global and following trends are more
important than maintaining their own cultural heritage. On the other hand, the
advancement of technology can benefit preservation. For example, supplementing local
transmission with technology and digital formats can revitalize the continuation as well
as the spread of cultural heritage.
The process of transforming traditional culture into a digital format also provides
an opportunity for reviving cultural traditions that are no longer practiced so that the
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younger generation can understand and respect a tradition once owned by the community.
By digitizing the arts, culture, and landscape of aboriginal lands, Leavy (2007) aimed to
assist in the revitalization of culture through the visualization of their land, allowing the
users to appreciate the land as central to the culture, stories, and lives of indigenous
peoples. Leavy argued that created a tool that represents landscape as traditional hunting
and gathering grounds, hallowed places of worship, and a vehicle for the livelihood of all
aboriginal clans. In most cases, we need to preserve these traditions before they are lost
(Leavy, 2007,p.150)
The transmission process may not rely solely on the daily lives of the
communities but also can be expanded through education as the younger generations
spend approximately one third of their time at school. For example, Gerdes and
D’Ambrosio (1980) initiated the study of mathematics based on the cultural design
owned by a community because they believe that mathematics is implied in almost all of
the cultural tradition owned by local ethnic groups. The purpose of combining cultural
knowledge with mathematics is to improve the mathematical literacy of students from a
specific culture as they are already exposed to the cultural creations in their daily lives,
meaning it is easy for them to learn mathematics based on the common artifacts they
create. This documentation of ethnomathematics was subsequently developed into a
design tool based on ethnocomputing theory developed by Babbit and Eglash (2012). The
purpose of this tool is to provide a digital format that can be used by the students in
elementary school to study culture digitally through mathematics. The target audience
includes both students from a specific culture as well as a broader community.
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An understanding of the cultural heritage of different communities improves
intercultural dialogue and encourages mutual respect for other ways of life. I-treasures
(Dimitropoulos et.al, 2014) was created by interdisciplinary researchers with a
background in computer science and robotics for analyzing and modelling cultural
knowledge through multisensory technology. This technology provides real-time
activities that help participants learn traditional cultural skills through the technology.
The participants are not specifically from the communities who owned them originally,
instead from broader communities in order to introduce and promote intercultural
dialogue.
Other studies in cultural preservation focus on supporting local communities by
using modern technology in order to preserve their culture. In his work using AR and VR
to re-create Maori cultural creations, Brown (2007) suggests that it is better for
indigenous people to appropriate digital technology for their own purposes before the
technologies are applied to them and their culture by another group. On one hand, this
technology offers tremendous opportunities for indigenous people to recover and record
their cultural heritage; however, the question of the extent that the significance and
meaning is able to be transferred to the digital copy will ultimately be decided by the
customary process of consensus within the community.
The software Ara Irtitja, developed by Hughes and Works (2006) for the
indigenous people in aboriginal ethnic groups, allows locals to record their own data in a
database. This technology is beneficial for the local people as they are now able to
digitally save information about their tradition and then easily access that data. The

27

primary challenges include how to create a user-friendly interface based on the
indigenous language to ensure the significance and meaning of the tool can be understood
when it is being used by the community. For maximum usability, the application’s
creators have to adjust the interface based on the demands of the local community.
Therefore, the decision whether to use the tools is based on the community.
As conventional cultural heritage, museums and libraries play an important role in
preserving cultural traditions by both displaying the artifacts as well as storing
documentation. Technology is being used to provide more engaging displays to the
visitors to create an interactive atmosphere in museums, and libraries use technology,
specifically the internet, to provide open-access information so that people can retrieve
documentation about specific cultural traditions or knowledge.
The role of technology in facilitating cultural preservation is beneficial for the
communities who own the cultural knowledge, and it is also valuable for introducing this
cultural knowledge to broader communities to promote intercultural dialogue and respect
for others. According to the UNESCO Convention in 2003, cultural heritage is
community-based, meaning that intangible cultural heritage can only be recognized by
the communities or groups that create, maintain, and transmit it. If a community or an
ethnic group does not recognize a cultural heritage, no other group can decide that the
cultural knowledge they practiced is their heritage. Hence, reinforcing the transmission
process of cultural heritage within communities is advantageous in order to be sustain it
as a living tradition. Thus, the use of technology or digital formats as a way to help
support the transmission of a cultural tradition needs to be specifically designated for the
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local community who owned the tradition. In addition, the decoding process of cultural
knowledge needs to agree with the artisans’ rationale and worldview to minimize
misinterpretation of the cultural tradition.
According to Cameron and Canderdine (2017), “in a symbiotic relationship,
cultural heritage ‘ecologies’ also appropriate, adapt, incorporate, and transform the digital
technologies they adopt.” (p.1). Technological development requires collaboration
between the community and the people translating the cultural knowledge. Digital
formats can be used as supplemental tools to strengthen the transmission process,
ensuring that traditions remain alive and are shared. As this analysis suggests,
transforming cultural tradition into a digital format involves the challenge of decoding the
tradition as well as involving the local community in this process to minimize
misinterpretation by or bias from the researcher. The process of translation involves
extensive fieldwork to ensure the technology and the digital format best serve the local
people.

2.4. Ethnography Studies
Any attempt to understand a material culture requires referencing the perspective
of the people and culture being studied. Spradley (2016) suggests that a researcher must
deal with three fundamental aspects of human experience: “what people do (cultural
behavior), what people know (cultural knowledge), and the things people make and use
(cultural artifacts)” (p.10).
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Figure 2.1. Diagram for understanding culture

The diagram above shows how behavior and artifacts relate to and are expressions
of a culture. Beneath the surface, hidden from view, lies cultural knowledge. Cultural
knowledge is fundamentally important because people in particular areas use it
consistently to generate behavior and to interpret the experience. Spradley (2016)
explains that cultural knowledge exists at two levels of consciousness: “explicit” culture
is the knowledge people can communicate with relative ease, while at the same time, a
large portion of our cultural knowledge remains “tacit,” or hidden (p.11).
According to Spradley (2016), “people everywhere learn their culture by making
inferences” (p.13), and in order to make cultural inferences, a researcher needs to observe
what people do and use and to listen to what people say. Therefore, fieldwork is
imperative when making cultural inferences based on what people say, from the way they
act, and from the artifacts they use because the source of inference-making comes from
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behavior, speech, and artifacts. Since the artifacts discussed in this study are the results of
cultural knowledge, their interpretation needs to be aligned with knowledge from the
artisans to obtain a culturally specific shape grammar.
Recently, the word ethno has become embedded in such fields of study as
ethnoscience, and ethnomathematics. Basically, it means a systematic study of people and
culture and this section will review studies that have been conducted in cultural contexts
to explore the traditional knowledge as well the ethics in a local context.
The literature reviewed here discusses studies that were conducted in the cultural
context investigated in order to gain an understanding from the artisans’ perspectives in
creating material culture. Research in Ethno-Mathematics and Ethno-Computation show
the value of these approaches in gaining a better perspective from the artisans about their
hidden logic. Ascher (1994), d’Ambrosio (1985), and Paulus Gerdes (1988, 1994), using
the study of mathematics in culture, found that the craft art created by the indigenous people
involves calculations (or hidden logic) that indigenous people pass on from generation to
generation. In his book, Ethnomathematics and Education in Africa, Gerdes (1988) details
several anthropological research methods developed to uncover and reconstruct hidden
mathematical thinking. Gerdes (1994) argues that to understand the hidden algorithm is to
recognize cultural mathematical character, for instance the traditional counting methods by
means of knots in strings and geometrical thinking. In his analysis of the geometrical forms
of traditional Mozambican objects including baskets, mats, pots, houses, and fish traps,
Gerdes always poses the question: “Why do these material products possess the forms they
have? In order to answer this question, he learned the usual production techniques and tried
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to vary the forms, since the traditional forms reflect accumulated experience and wisdom”
(Gerdes, 1995, p.46). Thus, the best way to ascertain the indigenous algorithm is by
becoming involved in the activity of craft art creation with the artisans in their cultural
settings. This method is supported by Millroy (1991), who assumes that the best way to
obtain information about material culture is through participant observation and interviews
as these forms of data collection are supported by archival records and documentation
related to the activity. Milroy discusses a methodological framework for investigating the
design ideas of a group of carpenters in a traditional context, one based on an ethnographic
approach for understanding and interpreting the carpenters’ actions and practices in terms
of calculation. He makes the assumption that the carpenters’ designs and calculations are
socially constructed, that they are communicated through the medium of apprenticeship,
and that it is essential to be a learner carpenter in a workshop (Millroy, 1991, pp.10-22).
Eglash and Babbit (2012) with computer science background introduced an
ethnocomputing approach by translating the ethnomathematics into a computer simulation.
Eglash and Babbit created a design tools designated for students in primary school to
enhance their understanding in mathematics while learning computer. The process of
translating the hidden mathematics from a specific cultural creation into a simulation model
had successfully improved the students’ grades. The students who used this application are
not only local students but also students with different backgrounds from various
geographies. This tool was found to be effective in building the confidence of the local
students as well as in promoting intercultural dialogue between students from different
backgrounds.
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Another similar approach with ethnocomputing is an ethnocomputational method,
which is introduced by Muslimin (2014). Muslimin introduce this method to explore the
tacit knowledge of local carpenters about weaving bamboo. This knowledge was analyzed
using computational theory and then transformed into new knowledge related to
architecture and construction. As used in his research, the word ethno refers to his approach
of using fieldwork to improve understanding of the carpenters’ knowledge; however, the
cultural knowledge was ignored here as Muslimin concentrated only on the skills the
artisans used in the field.
A cultural creation is an artifact that is created by the community based on their
cultural knowledge. So, it is necessary to understand the cultural knowledge and cultural
skill from the artisans. A combination of ethnography and simulation as research
methodology allows a researcher to observe the society, its culture, and practice from the
point of view of the subject, and then applies a computational lens that helps the process
of translating the oral tradition into a digital form. So, the process of translation from an
oral tradition to a digital format requires communication or dialogue with the local artisans
to understand their way of designing a material culture, and then investigate that
information and understanding with the help of computer simulation to offer
comprehensive analysis of a cultural creation.

2.4. Visual Computation Analysis
The process of creating one Geringsing textile pattern takes approximately three
years; as a researcher may not have that much time to spend in the field, data gathered from
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the pattern creators, pattern makers, and weavers are visualized through computer
simulation to develop an understanding of the overall design grammar of the Geringsing
patterns. This simulation process requires an algorithm of the textile patterns, one that is
typically developed using Symmetry Group and Shape Grammar theories to examine the
algorithm/design grammar/formulation of the Geringsing textile patterns.
This section of pattern analysis focuses on a review of symmetry group and shape
grammar. These two theories were used in this study to investigate the Geringsing textile
patterns in conjunction with the help of the descriptions of the pattern creation techniques
in local contexts obtained through fieldwork. Foster (1984) suggests that there are four
features in shape recognition: the local feature, the local spatial feature, the global feature
and the global spatial feature (Foster, 1984, p.84). The Symmetry Group Theory is a pattern
categorization based on motion--specifically, translation, rotation, reflection, glide
reflection—of a patterns’ fundamental unit. A fundamental unit here is referred to the
smallest part of Geringsing textile patterns. Symmetry Group Theory provides information
on the global and the global spatial features while Shape Grammar Theory can be used to
investigate the local and the local spatial features of a patterns.

2.4.1. Symmetry group
Early research in the field of pattern classification began with Jones’ (1910) very
general ornament classification based on cultural geographies and continued with the work
of Woods (1934-1935). He introduced the concept of symmetry group to those not familiar
with mathematics. Symmetry Group Theory has been widely used not only by art
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historians, designers, and architects but also in the fields of archeology and anthropology.
Wasburn and Crowe (1988), professors in anthropology, introduced pattern symmetry
based on a more systematic approach that resulted in an easier method of diagramming that
helped determine the symmetry class under the symmetry group.
Symmetry group is a tool for analyzing and categorizing patterns into classes,
specifically seven classes of one-dimensional groups and seventeen classes of twodimensional groups. Applying this analytical tool to the study of patterns in cultural
artifacts, researchers have been able to uncover cultural information about cultural groups,
a process that involves comparing the classes assigned to the patterns in cultural artifacts.
The most intriguing discovery from this research is that every ethnic or cultural group has
a unique preference for using symmetry. As Washburn and Crowe (1988) explained,
“cultural groups (interacting people who share a common life system) have preferential
ways of arranging design elements” (p.24). Thus, a cultural group will consistently use
only several specific symmetries in their design system, rather than randomly using all
seven one-dimensional and all seventeen two-dimensional classes. This consistent use of
only several specific symmetry groups for pattern design in cultural artifacts supports the
importance and significance of symmetry analysis.
The terms of symmetry may not be used by the cultural ethnic groups, but the
fundamental definition of symmetry is used in the process of pattern creation, especially
when the artisans compose, arrange, or generate a pattern since every ethnic group has its
own rules, both specific and general, for composing a pattern. Specific rules relate to the
local features, such as the initial point, line, and shape, while global rules relate to shape
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composition: how the artisans assign the symmetry motion (translation, reflection, glide
reflection, rotation) into their pattern creation, again terms which will probably have
different meanings in every culture. Within a given cultural setting, the same scene may be
“seen” differently by different individuals depending on their particular knowledge and
needs. Likewise, people from different cultures may “see” a given scene differently
depending on prior knowledge, experience, and immediate context. Thus, a person from a
given culture may see a pattern has symmetry but may not see the differences between one
kind of symmetry and another.
The repeated designs are regulated by the formal rules of symmetry and, as such,
will either be one of or a combination of the four motions of reflection, rotation, translation,
and glide reflection. Furthermore, since symmetries restrict the kinds of pattern
arrangements possible, they form a type of grammar. All patterns are produced by the same
rule motion; that is, pattern structures (or design units) can change, but the rules allow for
only these four motions. As such, formal systems are inherent in the structuring of the parts.
Symmetry groups can be used as an analytical tool to classify pattern designs among
cultural groups, especially patterns that appear in a culture’s artifacts.
The expansion of Symmetry Group Theory has discussed in several researches.
Grunbaum and Shephard (1987) classified the patterns into lattice groups, arguing that their
configuration supports four types of lattices, diamond, rectangle, parallelogram, and
monohydric. As a result, they developed a new matrix of symmetry groups with a more
detailed classification, with the symmetry group as the underlying structure.
Schattschneider (1986) argues that instead of seven one-dimensional classes, she found
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twenty-one additional classes in the one-dimensional group, providing a more detailed
explanation of a pattern with a complex configuration. Moreover, Horne and Hann
suggested a new term, “induced group,” after discovering another class that can be induced
in one class of symmetry (Home and Hann, 1998).
In recent year, Grunbaum (2004) has argued that Symmetry Group Theory is too
superficial and does not explain the specific criterion to be used as analytical tools for
determining symmetry classes. According to Grunbaum, this symmetry group developed
by Washburn and Crowe (1988) did not lead to significant application due, in part, to the
fact that Washburn attempted a widely applicable and quite detailed classification without
using sufficiently explicit criteria. Then, he developed a theory of symmetry in a much
more restricted setting, finding the tools appropriate for ornaments in a fabric plane in
Peruvian textiles (Grunbaum, 2004). His approach is natural and simple enough to be easily
explained, usable, and transmittable, without the need to invoke group-theoretical
abstractions. He also argues that this scheme could be applied to other textiles with the
same basic patterns. The basic patterns of Peruvian textiles primarily include animal or
human figures; they are considered asymmetrical and non-transitive because the
asymmetrical figures appear in many directions and sometimes not in the same direction,
though in one line of configuration. He developed a restricting rule to avoid ambiguity in
the interpretation of symmetry scheme analysis. However, the pattern he developed is
suitable only for Peruvian textiles and is not compatible for application to other textiles
made using different techniques because Peruvian textiles primarily include egalitarian and
asymmetrical. This reason also explains why the Symmetry Group Theory alone may not
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be suitable to investigate a patterns’ design, instead an additional patterns’ analysis theory
needs to be embedded to it to examine patterns’ design comprehensively.
Although Grunbaum (2004) asserts that he tried to interpret the symmetry based
on the people creating the patterns, he neither visited nor spoke with the artisans or the
people who made them; he only compares patterns from a new perspective when
interpreting the symmetry configuration, meaning his new approach for analyzing and
articulating patterns is ultimately incomplete.
The symmetry scheme developed by Grunbaum (2004) cannot be used to analyze
patterns in the Geringsing textiles since these patterns are symmetrical. In an attempt to
determine a symmetry scheme suitable for this textile, an understanding of how the
artisans created this pattern could provide beneficial information for formulating a
symmetry scheme. Since the artisans live in a specific area with its own culture, the
researcher needs to immerse himself/herself in the location in order to obtain deeper
understanding on patterns’ creation process. Then, what is necessary for a meaningful
interpretation of the differences between designs of fabrics from various cultures is an
approach that will take into account the thoughts of the artisans who created patterns.
Thus, there is a need for ethnographic research methodologies as they allow for the
consideration of the artisans’ perspectives on the creation of the patterns.

2.4.2. Shape Grammar
Shape grammar was first introduced by Stiny and Gips (1978) in their book entitled
Algorithmic Aesthetics that illustrated the formalizing of shape grammar in paintings,
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specifically for interpreting and evaluating works of art. A design process can be explained
through shape grammar because design is actually not an intuitive process; instead, there
is a scientific process behind it, one that can be elucidated using Shape grammar, which
provides a set of shape rules that can be applied gradually to generate a set, or language, of
designs (“Original Design: Shape Grammar”, n.d.).
For the last four decades, the theory of Shape Grammar has applied in design,
architectural, and computational fields of study for two purposes: (1) analyzing the design
language behind a design creation and synthetizing the design language based on the
analyzing a known design language and (2) creating new designs from the basics by
creating new rules. Knight (1994) expanded the definition of shape grammar, adding initial
shape, spatial relations, labels, and rules. The derivation of rules provides a description of
a design language.
Basically, there are two benefits of applying rules to design: first, rules make
explicit or externalize an artisans’ design ideas so that they can be examined, changed, and
communicated more readily; second, rules make possible multiple design solutions rather
than only a single solution. However, it is not the multiple solutions themselves that are
important; rather, it is the possibility of choosing between different solutions. The process
of evaluating and selecting among different designs takes into account the intention of the
designer.
The aspect of shape grammar theory that focuses on the analytical area, such as
formalism of ice ray lattice designs (Stiny, 1977), formalism of Mughul garden (Knight,
1990), formalism of Hepplewhite-style chair-back design (Knight, 1980), formalism of
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textile block grammar (Barrios, 2013), the Palladian grammar (Stiny & Mitchell, 1978))
was developed more extensively than the aspect that focuses on creating rules from the
basics, such as kindergarten grammar that designing with froebel blocks (Stiny and Gips,
1980). In the analytical field, an understanding of shape grammar was developed that not
only analyzed a design to understand the language behind it but also developed a new
design language based on the known grammars. Knight (1994) explored specific methods
for transformation design, which is changing the rules of grammar to produce new ones
and for comparing different grammars. Overall, Knight’s transformation design in shape
grammar can be achieved with (1) rule formats—adding, subtracting and changing rules
and (2) rule ordering—shifting the derivation rules in creating a design language.
Based on this transformation design, Knight (1999) categorized shape grammar
into six types: basic grammar, nondeterministic basic grammar, sequential grammar,
additive grammar, deterministic grammar, and unrestricted grammar. Those six types of
grammar are differentiated based on rule format and rule ordering. Rule format relates to
the rule additives and adding or erasing labels in the shape, while rule ordering relates to
the sequence or derivation of rules. Basic grammar is both restricted by rule format and
rule ordering while unrestricted grammar is not restricted. Nondeterministic grammar is
less restricted by rule format but is restricted by rule ordering, while additive grammar is
restricted only by rule format. Sequential grammar is restricted by rule format but less
restricted by rule ordering, while deterministic grammar is restricted only by rule ordering.
The different types of shape grammar can be used to organize a design language extracted
from a design creation to potentially develop a new design. Shape grammar has been used
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to in design and architecture fields to explain systematically the design language of a design
creation (Knight, 1999, p.15-31).
Even though shape grammar can systematically analyze and define a design
language from a design creation, most of the result rarely crossed check with the original
creator or the original community who own it. For instance, those who investigate a design
creation using shape grammar can have different interpretations although the resulting
grammar is the same. To avoid misinterpretation, verifying the design with the original
creator, if possible, can provide a better understanding of the design language formulated
by the researcher.
While shape grammar theories have been used to investigate traditional design, the
people from the local context have not been considered. To reduce the subjectivity of the
design language created based on shape grammar, involvement of local artisans and an
understanding of local context can assist a researcher in translating or formulating a design
into an algorithm that is culturally specific.

2.5. Theoretical Framework
A sequential research methodology of ethnography and computer simulation can
provide an exploratory description of the cultural knowledge used during the creation of
Geringsing textile along with a formalism of design grammar from all the 27 Geringsing
textile pattern types through simulation using visual computation analysis. This
simulation not only facilitates visualization and an investigation of Geringsing patterns
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but can also be used as a design tool that is culturally specific, meaning that the local
artisans and the younger generation in the area can implement and utilize this application.
Understanding the context of where the textile patterns are created along with
understanding the limitation of the techniques involved in the local creation process can
provide information for decoding the Geringsing textile patterns to reflect the rationale of
the local artisans. This information along with the pattern analysis theories were used by
the researcher to translate the creation process of the patterns into a design
grammar/algorithm. Simulation research methodology involved the visualization of
pattern analysis; at the same time, this simulation was in the form of an application that
eventually can be used as a design tool for the artisans in the area. After simulating the
shape grammar, verification with the local artisans and younger generation is necessary
to ensure sure that (1) the design tool works reflects the artisans’ rationale and that (2) the
local artisans and the younger generation in the area can implement these design
applications. Those two conditions must be fulfilled for the application to be culturally
specific, meaning that it is translated based on an understanding of the local context and
that the local people can use it to serve their needs.
UNESCO has participated in and promoted the preservation of cultural heritage in
support of cultural diversity in face of globalization, acknowledging in 2003 the
importance of this endeavor. As cultural heritage is community-based, the transmission
process has to be continued by the community itself in order for its cultural knowledge to
remain alive. This study provides the documents and tools for the community; ultimately,
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however, the local community decides whether or not to utilize this design application as
a supplemental tool to support the transmission process of their cultural knowledge.

T H E O R E T I C A L

Theory Guidance

CULTURALLY SPECIFIC
Shape Grammar

Understanding
the process
creation of
Geringsing
textiles from
artisans

Ethnography

D’Ambrosio (1985) and Paulus
Gerdes (1995) found that the craft
art which indigenous people
create contains calculations or
hidden logic that indigenous
people pass on from generation
to generation.

Design Apps

Investigate
Culturallyspecific
shape
grammar

F R A M E W O R K

Simulate
The
Culturallyspecific shape
grammar

Computation
(Computer Simulation)

D.K. Washburn and Crowe (1988)
mentioned that each culture have
preference for symmetry. Knight
(1995) argued that transformation in
design can be investigated through
shape grammar analysis

Creating user interface that is easy
to use for the locals in all ages.
Hugher and Works (2016)
introduced an applications that is
easy to use and is in demand by the
users.

Figure 2.2. Diagram of Theoretical Framework

2.6. Conclusion
The theoretical framework is created based on an understanding of the literature
review in four areas: traditional cultural heritage, Geringsing textiles, ethnography
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studies, and visual computation analysis with shape grammar and symmetry. In general,
the gap in the literatures provide no guidelines that provides a procedure on how to
translate an oral tradition into a digital format by understanding the culture of where the
cultural creation is produced and to return this digital format back to the communities.
Therefore, a combination of research methodology, ethnography and simulation, that
understands the culture and integration of computational theories are necessary to
conduct in order to provide guidelines for a culturally specific shape grammar and
culturally specific design application.
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CHAPTER THREE
RESEARCH METHODOLOGY

3.1. Research Objective
This chapter focuses on describing the research methodology used in this study
exploring how to integrate cultural knowledge in the process of decoding patterns designs
of Geringsing textiles. This interdisciplinary research focus requires an integration of
more than one methodology to address it fully. The specific methodologies used here
include ethnography and simulation, meaning the study is divided into two phases. The
first phase focuses on researching the cultural knowledge and skills used on-site in the
creation process of Geringsing textile patterns. The second phase focuses on investigating
the textile patterns using visual computational analysis—symmetry and shape grammar—
based on knowledge obtained during the first phase so that the result of the shape
grammar is culturally specific, meaning that the result of the study is embedded with the
cultural knowledge from the location where this design is produced. Then, the culturally
specific shape grammar that consists of a set of shape rules is simulated into a design
application to visualize utilization of shape rules in the creation of these patterns.
Subsequently, this design application is verified with the local artisans to see whether this
simulation accurately represents the artisans’ rationales.

3.2. Philosophical Approach
This research emphasizes on the exploration of integrating visual computational
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theories to preserve a cultural knowledge. So, understanding of the cultural knowledge
behind a cultural creation prior to investigate the patterns’ design is necessary. After
examining the patterns’ design with computational theories, a simulation model is created
and tested it to the participants. Overall, this research relies as much as possible on the
participants’ views, from understanding their cultural creation process to their response
with the simulation model. Thus, the philosophical worldview in this study is socially
constructed or constructivism.

3.3. Research Strategy
A sequential research methodology—ethnography and simulation—can be
employed to address the general research question on the exploration of the
computational theories to the process of safeguarding the cultural knowledge. The
purpose of the first phase (ethnography) was to research the historical and cultural
settings of the participants, especially the way the artisans create the patterns in the local
context, an approach that is socially constructed. The purpose of the second phase
(simulation with computational analysis) is to develop insight concerning the patterns’
creation through computer simulation. This simulation includes deductive and inductive
reasoning, as deduction builds the models for testing while induction evaluates the
simulation results.
This sequential research methodology involves both strengths and limitations that
need to be considered. Using more than one research method to approach a subject from
different perspectives or paradigms can provide a clearer picture of the social world, offer
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a holistic or more truthful worldview, and provide fuller explanations. Further, the
separate phases make this research design clear to describe, implement, and report.
Despite the strengths of this methodology, there are some limitations that must be
addressed. The two-phase approach requires time for implementation; therefore, the
researcher must include a timetable in the study plan. In addition, the researcher analyzes
the validity and reliability separately in each phase because each uses a different
approach for collecting and analyzing the data. Each research methodology is discussed
in more detail in the following sections.

FIRST PHASE
ETNOGRAPHY

SECOND PHASE
SIMULATION

1. Qualitative
data Collection

4. Formulate
Model

2. Qualitative
data Analysis

5. Simulate
Event

3. Qualitative Finding/Result

6. Analyze
Results

MULTIPLE RESEARCH METHODOLOGY

Figure 3.1. Diagram of Research Design
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3.4. Ethnography
The purpose of this ethnographic study was to explore both the cultural
knowledge of the people in Tenganan Pegringsingan, and the skills required for creating
Geringsing textile patterns on site. Ethnography involves intense interactions with human
participants during the study. To respect their rights, the researcher needs to be aware of
the ethics involved in conducting this research. Before conducting research in the field,
the researcher consulted with and received exemption approval from the IRB at Clemson
University. In addition, the researcher also received an approval letter of permission from
the chief of the village to conduct the research in Tenganan Pegringsingan village in Bali,
Indonesia.
The document submitted to the IRB included the protocol for conducting the
research. This protocol must be established in advance to reduce subjectivity in data
collection especially when the researcher will collect the data himself/herself. In addition,
this protocol serves as a guideline for the researcher to be able to answer the research
questions systematically.
The overarching question guiding the ethnography research portion of this study
is “What does the researcher need to know to understand the culture of the people in the
Tenganan Pegringsignan village in relation to the production of Geringsing textile
patterns?” It includes the following two subquestions: (a) “What is the
meaning/significance of Geringsing to the people in Tenganan?” and (b) “How are the
Geringsing textile patterns produced by the local artisans?” The following sections
describe the data collection and data analysis procedure in detail.
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3.4.1. Ethnographic data collection
The ethnographic data were collected from interviews, participant observation,
and documentation. The documentation includes specific images of the Geringsing
textiles privately owned by the inhabitants in Tenganan Pegringsingan village, taken by
the researcher during the fieldwork. Before beginning the data collection, the researcher
built rapport with the people living in the study on site, which is important for allowing
the researcher to become involved in social situations without feeling awkward.
The study sample for the ethnography consisted of pattern creators, pattern
makers, and weavers who are still active/productive. Pattern creators are those who are
responsible for creating the pattern design, while pattern makers are responsible for
applying the pattern design to the threads through tying and dyeing, and weavers are
responsible for weaving the threads into cloth. The number of participants selected was
24; however, the number of interviews totaled 35, more than the number of participants
because one was interviewed more than once. The researcher selected the participants
using non-probability with snowball sampling, meaning that the sample was recruited
from among participants’ acquaintances; hence, the sample group grows like a rolling
snowball. Only pattern creators, pattern makers, and weavers were selected from the
population as they best suited the purpose of the study.
The researcher received assistance from an extended family member married to a
woman from the Tenganan Pegringsignan village to connect with potential participants to
be interviewed and observed. This woman then functioned as a gatekeeper, assisting the
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researcher in gaining access to the village and introducing her to the pattern makers,
weavers, and chief of the village. In addition, the researcher is native Balinese and fluent
in Balinese, the language used by most of the people in Tenganan Pegringsingan, a factor
that facilitated the investigation significantly.
The ethnography here was conducted as a micro-ethnographic study, meaning that
it only involved social situations related to the process of creating and using the textiles
in the Tenganan Pegringsingan village where the Geringsing textile is produced.
According to Spradley (2016), “social situation refers to the stream of behavior
(activities) carried out by people (actors) in particular location (place)” (p.86). In this
study, the setting is the process of making and the use of the textiles while the actors in
this study are the weavers, the pattern markers, and the chief.

Table 3.1. The data collection method and the type of evidence to be collected to respond
to the research question.
Research
Questions
What does the
researcher
need to learn
to understand
the culture of
the people in
Tenganan
Pegringsingan
village in
relation to the
production of
Geringsing

Type of
Evidence
Collected
Information
about how the
yarns are
transferred
into the weft
and warp
frame

Questions of
the Data
Is the process
of transferring
the yarn based
on the size of
the cloth?

Data
Collection
Method
Interview

Observation
Information on What
how to bind
constrains the
the threads to design when
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Interview

Example of Data
Collection
Q1: Could you
tell me how the
calculation that
binds the
threads into the
frame is
determined?
Videotaping the
process of tying
the threads
Q1: How do you
create the
pattern? Are

textile
patterns?

create the
patterns

Information on
how the
threads are
dyed

Information
about the
artisans’
weaving
process
Cultural
information
related to the
patterns

using the
double-ikat
technique?

Observation

Which color is
dyed first? And
why? How
does the color
affect the
pattern?

Interview

What are the
steps in
weaving?

Interview

Observation

Observation
How is culture Interview
incorporated in
the process?

there any
restrictions?
Videotaping the
process of
marking the
threads and
dying
Q1: Could you
explain the
process of
coloring?
Videotaping the
process of
dyeing
Q1: Can you
explain the steps
in weaving?
Videotaping the
weaving process
Q1: What is the
fundamental
philosophy
behind the
creations of the
patterns?

Prior to each interview and observation, the researcher orally informed the
participants of the consent document in their local language. She further explained their
rights: they could quit at any time they found participation inconvenient and they could
refuse to answer any questions they felt uncomfortable in doing so. To make the
participants feel comfortable, the researcher conducted the interview at a time and place
based on their preferences. The primary purpose of the interview was to increase the
researcher’s understanding of the design process of the Geringsing textile patterns in its
traditional context. The interview was conducted in a semi-structured manner, with
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sample questions being found in Table 1. Based on the artisan’s responses, the
interviewer pursued additional specific information of interest to provide a deeper
understanding, while capturing individual stories as needed.
A second data collection method was observation. The observation of a setting
allowed for a better understanding of and capturing of the context within which the
pattern markers and weavers interact with the existing culture. These observations
allowed the researcher to see and infer information that people may not have mentioned
during an interview. The researcher made appointments with participants, including the
pattern creators, pattern markers, and weavers. Both the interviews and observations took
place while participants worked and lasted 60 minutes each. The researcher observed the
activities of the participants, including pattern making and weaving, the steps involved in
creating the motif, and other phases of the process. Interviews were recorded to capture
all elements of this process.
For the data management plan, the researcher made sure that participants’
responses remained anonymous by giving each a pseudonym. Data from this research
was kept on the researcher’s computer which was locked with a private password so that
no one other than researcher could access the interview responses. Data from the
informants will be kept by the researcher for approximately five years to allow for the
publication of the research supported by this information.
The potential benefits to the participants and society in the village include
documentation of Geringsing textiles patterns that will preserve this tradition and
increased international attention that may provide potential income to this village. Upon
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conclusion of the study, this documentation will be shared with the local village in their
local language. This study is also beneficial for the village since it serves as a database
for all the patterns, both old and more recent, which have been created in this village. In
addition, the design application created through simulation can be utilized by the both
current artisans and the younger generation.

3.4.2. Ethnographic Data Analysis
During fieldwork, the researcher made cultural inferences from what the
inhabitants of the village said, from the way they acted, and from the artifacts they used.
In addition, the researcher selected several social situations that involved the creation
process and use of textiles in the village, primarily focusing on the processes of tying,
dyeing, and calculating the number of threads prior to the tying process; weaving; and
ceremonies where the people in Tenganan used Geringsing textiles.
Based on this investigation of these social situations, the researcher developed
cultural inferences, which represent hypotheses about what people know. These
hypotheses were tested multiple times until the researcher became relatively certain that
the people share a particular system of cultural meanings. This process of ethnography
research involves multiple interviews, observations, and analysis as can be seen in the
diagram adapted from Spradley (2016) below:
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Figure 3.2 Diagram of Ethnographic Data Analysis (adapted from Spradley, 2016, p.103)

As this diagram shows, ethnographic research involves five cycles of analysis.
The first cycle begins with selecting the scope of investigation, followed by the first
interviews and observations to establish rapport with the participants. During this cycle,
the researcher created an initial ethnographic record; at the end of this initial cycle, the
researcher had gained a fuller understanding of the situation. The second cycle included
descriptive observations and interviews; during this cycle, the researcher ran a domain
analysis, i. e., the initial analysis of cultural categories that was conducted after eleven
interviews. The researcher categorized the data into several domain analysis, and which is
investigated in the next cycle.
By the third cycle, the researcher possessed a clearer understanding of the
community being studied. Hence, the researcher focused on observing certain social
situations and constructed structural questions for further interviews. After twenty
interviews and observations, the researcher ran a taxonomic analysis, adding more pieces
of the culture to the domain created in the previous cycle. In the fourth cycle, the
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researcher conducted selective observations, adding contrasting questions to the
interviews for a deeper understanding of the culture. After thirty interviews and
observations had been conducted, the researcher ran a componential analysis (the process
of searching for contrasts, grouping like information together). Relationship among
categories can be determined through componential analysis. The term that appears as a
recurring principle and in a number of categories becomes this cultural theme.
This cyclical process gives researchers an opportunity to review their data in
relation to the themes to determine if additional evidence and information are needed. If
they are, the researcher can then conduct follow-up interviews and observations with the
participants, providing an opportunity for them to comment on the findings. Reliability is
achieved by detailing the protocol for each method, including the protocol for the
interviews, the observations, and the documentation. It is important to reduce subjectivity
since the researcher collected the data herself by examining the documents, observing
behavior, and interviewing participants. Overall, this ethnographic data analysis is
divided into four parts: domain analysis, taxonomic analysis, componential analysis, and
investigation of the cultural theme. The complete description of the ethnographic report is
found in Chapter IV.

3.4.3. Validity and Reliability
This study established validity and reliability based on the following:
§

Construct validity: Multiple approaches are used to triangulate different data
sources of information. Specific to this study, the researcher interviewed the
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artisans while observing their activities to obtain information on how they transfer
the yarns into the weft and warp frame.
§

Internal validity: This study incorporated several cycles of analysis to ensure the
validity of the cultural theme.

§

Reliability was achieved through pre-testing the protocol for each method,
including the protocol for the interviews and observations to reduce subjectivity.
The researcher collected the data herself by examining the artifacts, observing
behavior, and interviewing the participants.

3.5. Simulation
The second phase of research methodology in this study is simulation. According
to Sommer (1991), “the steps involved in conducting a simulation include formulating
the model, simulating the event, and analyzing the results.” (p.32) Therefore, this study is
divided into three stages: (1) investigating Geringsing textile patterns with visual
computational theories—symmetry and shape grammar, the outcome from this stage was
culturally specific shape grammar, (2) simulating the culturally specific shape grammar
into a specific design application, (3) testing the culturally specific design application
with the local artisans and younger generation on the site. To avoid misinterpretation in
decoding the patterns design of Geringsing textiles, cultural information from the first
phase is necessary to be used as a guideline to conduct the second phase. Also, at the end,
revisiting the site was imperative to verify the design application with the local
community.

56

S I M U LAT I O N
Process

Steps

How

Examine 27 types of Geringsing pattern

Gathering
the Data
(Patterns’ analysis)

Ethnography
Report

27 types of Geringsing
patterns

Define data elements for simulation:
Templates and Rules

Redraw the patterns through
AutoCAD, then
examine the patterns using
Symmetry Group and Shape
Grammar theories

Formulate the software
application

Develop an interface that provides templates
for design unit and fundamental unit

Built coding in Processing
for the template of design and
fundamental unit

Simulate the Event

Generate 3 scenarios: one with initial design
and two others with new potential designs

Using the software application
to generate 3 scenarios

Testing the Application

Verify and clarify the scenarios with the Local
Artisans +
Revise the application based on their feedback

Interview and
Field observation

Table 3.3. Diagram of Simulation Process

The simulation research methodology seen in the figure above was applied to
answer the following research questions: “How can the process learned from the artisans
be captured into a culturally specific shape grammar of Geringsing textile patterns?” and
“How can we simulate the culturally specific shape grammar into a culturally specific
design application and verify it with the local community?”
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3.5.1. Visual Computation Analysis
The researcher collected 200 images from the images taken during the field work
and from other documentation such as journals, books, and museum collections. Those
images are grouped into 27 categories, then the researcher took one representation from
each category based on the image quality/image resolution, the higher resolution the
better. The cultural information from the first phase provided a guideline in redrawing the
pattern from each category. Next, the data—27 redrawn patterns—is investigated with
symmetry and shape grammar analysis and tabulated into a matrix to compare the
number of boxes for widths and lengths, the symmetry classes for body and border
patterns, and the background color. The outcome from this stage was four types of rules
as the basis for developing culturally specific design application. The complete
explanation of patterns analysis is in Chapter V.

3.5.2. Formulating Design Application
Formulating culturally specific design application had two sub-stages: creating
the design application and generating scenarios. The four types of rules as the outcome
from the patterns analysis was translated into a pseudocode algorithm, a detailed yet
readable description of the steps in the computer program/algorithm, expressed in
formally styled natural language rather than in programming language. This pseudocode
was then translated to a list of codes and run with Processing programming language.
This design application can be run in a desktop or tablet, which has different user
interfaces for different devices. After the design application was ready, the scenarios
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were then developed: one scenario was created from one of initial Geringsing textile
named Geringsing sitan pegat, and two others were created from new possible design
units that were arranged similar to Geringsing sitan pegat. The complete description for
creating design application and developing scenarios are explained in detail in Chapter
VI.

3.5.3. Verify the Design Application
The researcher revisited the village to verify and clarify whether the design
application was in line with the artisans’ rationale. The participants were pattern creator,
pattern maker, weavers, and member of younger generations in Tenganan Pegringsingan.
The researcher asked the participants to watch the recording of the scenarios, then asked
their opinion regarding the scenarios. Next, the researcher encouraged participants to
operate the design application and interviewed them after. This whole process of
verifying the result is described in Chapter VI.

3.5.4. Validity and Reliability
Similar to the ethnography phase, this phase established validity and reliability:
§

Construct validity: The rules are extracted from all 27 types of Geringsing
textiles.

§

Internal validity: The researcher revisited the village to obtain verification and
clarification directly first-hand from the artisans in the village.
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§

Reliability was achieved by pre-testing the protocol for simulating the
scenarios/events so that other researchers can achieve the same results following
this procedure.

3.6. Conclusion
This study employs multiple research methods, ethnography and simulation, to
provide a comprehensive answer toward the general research questions on how to
integrate computational theories to safeguard cultural knowledge. This exploratory
research question is answered with a qualitative approach. Ethnography was conducted
through interviews and participant observation in the field for about five weeks. The
purpose of the ethnographic study was to understand the cultural tradition of the people in
Tenganan Pegringsingan village, especially the social situations related to the process
creation of Geringsing textiles. The information gathered during the ethnographic study
or first phase study is used as primary information for investigating patterns’ design and
building simulation. Simulation is conducted by (1) examining the 27 types of
Geringsing textiles to extract the rules, (2) simulating models for creating a design and a
fundamental unit of Geringsing patterns, and (3) verifying the simulation models with the
local artisans and younger generation in the areas.
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CHAPTER FOUR
ETHNOGRAPHIC REPORT

4.1. Introduction
Tenganan Pegringsingan village in Bali, Indonesia is famous as Bali Aga. Aga
means initial or original, hence, people in Tenganan Pegringsingan are original Balinese,
while the majority of subsequent Balinese came from neighboring islands. People in
Tenganan Pegringsingan treat Geringsing textiles as a sacred cloth, they use Geringsing
textiles for offering and wearing it for religious ceremonies. Geringsing textiles are not
only used internally by people in Tenganan Pegringsingan but also used externally for
religious ceremonies.
The sacredness of Geringsing textiles relates to the literal meaning of word
Geringsing, which is no sickness or protection from sickness (Korn, 1960). Ethnographic
study was conducted to understand how the makers endow the value of protection to
Geringsing textiles during the process of creation. Fieldwork was led between March
through April 2018. The qualitative data collected for this study consisted of interviews
and participant observation. The researcher audiotaped 35 interviews from 24
participants—some participants were interviewed more than once—videotaped 20 hours
of observations, and recorded images of Geringsing textiles owned by the local people in
Tenganan Pegringsingan.
The data was analyzed with domain analysis, taxonomy analysis, and component
analysis to understand the cultural theme of the process creation of Geringsing textile.
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The concept of protection appears to be the cultural theme found in this study as it is a
recurring principle in a number of categories. More specifically, the citizens of Tenganan
Pegringsingan village guard and preserve their ancestors’ traditions, one of which is the
production of Geringsing textile using the double-ikat weaving technique. According to
Hauser-Schaublin, Nabholz-Kartaschoff, and Ramseyer (1991), “This demanding and
time-consuming process is only known in only three places in the world: India,
Indonesia, and Japan, while in the entire Indonesian archipelago it is practiced only in the
Tenganan Pegringsingan.” (p.117) So, this village preserves or protects the double-ikat
weaving technique for the world through the production of Geringsing textiles.

Figure 4.1. The uses of Geringsing textile for religious ceremony (images taken by Putu Yudiana)

In addition, the makers sacrifice their time and meticulously guard every step in
the process of creating these textiles, which then provide protection for themselves and
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the users. The high value of Geringsing textiles also makes these textiles are heirlooms
that is passed down from generation to generation. Also, Geringsing textiles are primarily
used for ceremonial purposes because of qualities of protection that manifested in the
textiles.
The Ethnographic report consists of two parts: (1) the symbolic aspect of
Geringsing textiles encompasses the choice of timing, the double-ikat weaving technique,
patterns and symbolism, and the meaning of the colors, and (2) the technical aspect of
creating Geringsing textiles incorporates seven stages of the creation process.

4.2. The Symbolic Aspect of Geringsing Textiles
This section discusses how the concept of protection, the literal meaning of the
word Geringsing, manifests during the process of creation through the use of the textile
as an object to be offered and worn. These textiles become more valued with each use.
The integration of the elements that support the process of creation and use of Geringsing
textiles can be interpreted as the weaving of a web of protection. The web represents the
complex system of interconnected elements, including the choice of timing, the weaving
technique, the colors, the use of natural materials, the patterns and symbolism—all of
which together imbue the textiles with protective power. All of these elements combine
to create the sacred objects that provide protection.
The creators believe that (1) subscribing to certain dates and periods of time, (2)
balancing the weaving of the warp and weft threads that have been dyed based on
specific calculations, (3) incorporating the symbolism that visualizes the unification of
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elements into the patterns, and (4) using the three colors that represent the cycle of life,
are all necessary conditions for bestowing protection. Fulfilling these conditions requires
patience, focus, and concentration from the makers.

4.2.1. The Importance of Timing in the Creation of Geringsing Textiles
Since the process of creating the Geringsing textile is time-consuming and
demanding, time is an aspect that the makers cannot ignore. Creating a single cloth now
requires approximately three to five years; however, in earlier times, it took between ten
to fifteen years. The dyeing process is the most time-consuming compared to other steps,
such as transferring yarns to both the warp and weft frames, wrapping the threads, and
weaving.
The time-consuming and demanding aspects of creating the Geringsing textile
explains why the double-ikat weaving technique is so rare. Patterns that appear in the
double-ikat textiles can be produced with a single-ikat technique, which applies the
wrapping and dying process to either the warp or the weft threads only using a foottreadle floor loom. As a result, single-ikat textiles can to be produced more quickly than
those created using the double-ikat technique, which applies the wrapping and dying
process to both the warp and weft threads using a backstrap loom. However, the people in
Tenganan Pegringsingan believe that wrapping and dyeing both the warp and weft
threads before weaving unifies both elements harmoniously in a cloth that will provide
protection. In addition, the durability of the color in the textiles produced using the
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double-ikat weaving technique is of a higher quality because the materials are natural,
meaning the color lasts longer and may even become brighter with ages.
All of the elements in the creation of Geringsing textiles are closely related to the
concept of time: the time for starting the process, the time that the makers spend dyeing
and weaving the threads, the times when the textiles are worn, and the time that adds to
the textiles’ value. The artisans believe that picking a perfect day to start the process will
bring good luck; thus, they usually avoid beginning the procedure on the day referred to
as kajeng, which falls on every third day based on the village calendar: beteng, pasah,
kajeng. While the artisans refuse to begin their process on that day, they may continue
working on a textile already begun on that day. Picking specific day to start each step in
the process of creating Geringsing textiles is important for the makers because they
believe certain day may bring good luck to the process of creation.
To achieve the best color in the threads, the makers prescribe using natural
ingredients, the dyeing of which requires significant time. To create the light-yellow
color, the threads are dyed in a large earthen jar for a period of 42 days with a mixture of
lye and oil from the aleurites moluccana plant. In addition, a hibiscus blossom is also put
inside the jar, and a ceremonial cloth is spread over it to protect the skeins from evil
spirits. The second step involves dyeing the yarn indigo, a process that take
approximately two weeks. Then, the yarn is dyed red, a step that is done Tenganan itself.
This process is the most demanding of all, usually taking one to three years because it
must be repeated three to six times, and one cycle alone takes approximately six months.
Then, the next step is to weave the threads into cloth, which usually takes about two
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weeks if there is no religious ceremony during this time. Interestingly, the longer this
entire process takes, the more valuable the textile.
Geringsing textiles frequently are used for religious ceremonies which fall on
specific dates, unique to Tenganan as its calendar is different from the Balinese calendar.
By selecting an appropriate day to begin the process, spending years on the creation,
using the resulting textiles on special occasion, and passing them to the next generation,
pattern-makers, weavers, and users give the sacred meaning of protection to the
Geringsing textiles.

4.2.2. Interlacement of the warp and weft threads
The word ikat means to bind, as in the binding of threads to create desired
patterns. Since the technique of weaving consists of the interlacement of warp and weft,
the ikat technique developed into warp ikat, weft ikat, and double (warp and weft) ikat. In
the double ikat technique, the patterns are applied to both the warp and weft skeins that
have all been tied and subsequently dyed prior to the threads being woven together. Great
care is necessary in arranging the ikat-patterned threads on the loom and the bobbin for
the double-ikat technique.
Tenganan Pegringsingan upholds the legacies of their ancestors, making it
different from the other villages in Bali that follow the Balinese Hindu tradition, with the
most important legacy in this village being the Geringsing textiles. Although the process
is tedious, they continue this demanding process because they need these Geringsing
textiles for religious ceremonies held in the village and in other Bali villages. During
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certain ceremonies, the textiles are part of the offering, while at other times they are
simply worn by village people to represent the sanctity of the event.
The process of creating Geringsing textiles is tedious, as the double-ikat weaving
technique involves many calculations to ensure the patterns in the weft and warp match.
The warp skein is placed crosswise vertically in the loom, with the weft skeins being
intertwined with them. The amount of yarn used for the warp skein is determined by the
width of the textile, the amount for the weft skein by the height. The warp and weft
skeins intersect perpendicularly with one another to create a patterned cloth. To match the
calculations between the warp and weft, the pattern makers use a grid to guide them in
wrapping the warp and weft skeins. The mathematical calculation required by the doubleikat technique includes both arithmetic and non-arithmetic steps and follows a welldefined block line model.
In addition, the process of making Geringsing textiles requires the pattern-makers
and weavers to focus and concentrate as they complete each step. If the pattern-maker
makes a mistake in the calculation in transferring the yarn to the frame or in wrapping the
threads, the patterns will not match in the completed cloth. In the same way, the weaver
should not accidently leave out threads when weaving the warp and the weft. If they
make a mistake in the calculation, they must repeat the entire process again. The weavers
and pattern-makers sacrifice their time and focus their concentration during this
demanding process, giving value to the textile as a sacred object. Moreover, patterning
and dyeing two opposite elements of warp (horizontal) and weft (vertical) engage
elements that generate harmony and balance in Geringsing textiles.
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4.2.3. Cultural symbolism
In addition to the required time and techniques, which are implicit or invisible,
there are also visible elements of patterns and colors that create the meaning of protection
in the textiles. Patterns in Geringsing textiles reflect a plus, which is a fundamental
symbol in this village.
The perpendicular of the warp and weft threads in the loom is represented as a coordinate
system, with the resulting plus sign (+) seen as the basic shape of balance and protection
by the people in the Tenganan Pegringsingan. According to the pattern designers and the
village chiefs, all the patterns in Geringsing begin from this plus. The indigenous term for
this sign is tapak dara, which is a symbol of the unification of opposite elements to
become one in the middle to create balance and harmony. This plus symbol can help
avoid peril or, in other words provide protection.
There are several applications of the plus sign that relate to the life of the people
in Tenganan Pegringsingan village. First, this symbol is usually used in a housewarming
ceremony when the priest applies the plus with lime betel on several of the columns of
the new house to protect it from immoral spirits. Second, the traditional doctors in earlier
times in this village used to apply the plus with lime betel to the sick areas of a patient’s
body to affect a cure. Third, the plus is also applied to the village layout as its exits and
entrances face four different directions based on the cardinal directions, north, east, south,
and west.
The representation of this plus in the Geringsing textiles is created by the pattern
makers always starting from one point in the middle, then moving to the other four points
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surrounding it; creating the lines connecting these five points results in a plus, the
fundamental shape of all Geringsing patterns before the patterns appear in more complex
forms in the textiles.
Overall, there are 27 Geringsing textiles patterns currently produced in Tenganan
Pegringsingan village, 19 old patterns and 8 new. Old patterns are those created before
1990, while the new patterns were created after that year. Geringsing textiles have five
different widths: anteng (14 buluan), patlikur (24 buluan), petangdasa (40 buluan),
wayang putri (37 buluan) and wayang (42 buluan). Buluan is the amount of yarns
bundled, and each size is divided into two as the patterns are reflective, meaning only
half of the amount of buluan is transferred to the warp frame.
How the people in this village name Geringsing textiles can be seen in the
following example: if the width size is patlikur, the pattern type is pepare, and the
background color is black (selem), it becomes patlikur pepare selem. The length of a
textile is implicitly described in the pattern name. Thus, by saying the pattern name, the
pattern makers and weavers know whether the pattern type is using the measurement of
half bungkul or abungkul. Abungkul is twice a half bungkul, with the half bungkul being
the fundamental unit of length. Only certain patterns use half bungkul, specifically
Geringsing wayang kebo, Geringsing wayang puteri, Geringsing lubeng, and Gerignsing
wayang candi, while the rest of the patterns are use abungkul.
The way the textiles are named varies; the one mentioned earlier is the common
way of people in this village name Geringsing textiles. However, as people from outside
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the village are usually not familiar with this way of naming Geringsing textiles, they tend
to mention only the textile type with a common size like small, medium, or large.

4.2.4. The meaning of color
In addition to the appearance of geometric patterns, the colors of the textile also
convey protection; Geringsing textiles consistently use three colors to represent deities in
the Hindu cosmology. Although Geringsing includes more than twenty types of patterns,
they consistently use three colors, light yellow, red, and black. These three colors
represent the deities in three different manifestations related to life: Brahma as the creator
is symbolized with red, Wisnu as maintenance with black, and Siwa as destroyer with a
white/light yellow. These three colors embody harmony in nature or the cycle of life:
creation, maintenance, then destruction as purification in preparing for the new born.
These three colors representing Hindu deities have been incorporated into a
bracelet that is used in religious ceremonies in many Hindu temples in Bali. The purpose
of giving the bracelet is to offer protection and avoid catastrophe. Similarly, in
Geringsing textiles, the use of these three colors also invokes protection.
The light-yellow is applied as the first dye, the technical purpose being enhance
the ability of the threads to absorb the dyes during the subsequent color process. As this
light-yellow is applied before the wrapping process, once the threads have been dyed this
color, the makers transfer the threads to the warp and weft frame based on the
calculations of the desired pattern type. Then the wrapping process takes place. The
makers have two types of ropes for wrapping, one for wrapping the threads that will be
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red and another for wrapping the threads that will remain light-yellow. Then the skeins
are taken from the frame for the indigo dyeing process.
The two-week indigo process is conducted in the neighboring village of Bugbug,
approximately twenty minutes from Tenganan. Currently, only one person, Pan Pacong,
receives orders from Tengangan Pegringsingan village to dye indigo. The primary
ingredient of indigo dyeing is taum leaves added to water, tape (fermented cassava),
pamor, and ketip, a ripe banana. These ingredients create a pungent odor. Currently,
there is no explanation in the literature about why the indigo process takes place at
Bugbug village, and neither can the Tengananese explain the reason. However, based on
the explanation of the dyer, the smell created from this process is probably one reason
why this process is done in Bugbug village; the houses in this village are on a hillside,
with the house of the dyer being at the highest location, so the odor does not affect the
rest of the residents.
The subsequent red dying is done in Tenganan; when the indigo is mixed with
red, it becomes black, and the light yellow, red. The indigo color does not appear in the
textile until the end as the next process involves dyeing the threads red because of the
cumulative process. In general, the background colors of Geringsing textiles are either
black or red, with the former usually for Geringsing wayang kebo, Geringsing wayang
puteri, and Geringsing patlikur isi. These Geringsing patterns possess meticulous unit
patterns depicting images of a prince, a princess, and temples. In the end, this type of
Geringsing textile includes only two colors, light yellow and black, while the Geringsing
textiles with a red background include areas dyed black.
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The proportion of colors in the textile follow certain rules: light-yellow is usually
for the design units although sometimes a combination of light yellow and red serve in
this capacity; black functions as the primary background color and also serves as a
secondary background color, outlining the light-yellow against a red background as seen
in the images below.

Light yellow is usually for the design units

Sometimes combination of light yellow and red
serve as the design unit color

Black serves as the primary background color

Black serves as secondary background color,
outlining the light-yellow against the red
background.
Figure 4.2. Explanation of color grammar in Geringsing textiles
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4.3. Technical Aspects of Creating Geringsing textiles
To understand the techniques used by the makers, the researcher immersed herself
in the textile production through participant observation and interviews in Tenganan
Pegringsingan village. Creating a Geringsing textile requires three to five years, though
the researcher only spent about five weeks—from March to April 2018—in the field.
Therefore, to be able to gather as much information as possible, the researcher observed
many social situations including different groups of pattern makers who worked on
different stages of the technical process in this village.
The data gathered from the field were then categorized into several steps of the
creation process. During the field work, though the pattern maker groups represented
different stages, they all created the same type of Geringsing patterns. Hence, this section
was arranged based on the technical process of one specific type of Geringsing pattern—
Geringsing patlikur talidandan. This in-depth treatment of this specific Geringsing
pattern can be used to analyze the general design language of other Geringsing textiles
patterns as discussed in Chapter V.
There are seven stages involved in creating Geringsing textiles: (1) spinning the
cotton into yarn, (2) dyeing the yarn the basic color, (3) transferring the yarn to the warp
and weft frame, (4) wrapping the threads, (5) dyeing the yarn indigo and red, (6) ordering
the threads, and (7) weaving. Two types of artisans are involved in those seven stages:
pattern makers and weavers. The pattern makers are responsible for tasks one to six,
while the weavers are responsible only for weaving the threads into cloth. Pattern creators
are not included in these stages because they are responsible only for designing or
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planning the patterns, a step done prior to the technical creation of the textiles. The
artisans involved in pattern making usually work as a group because the process takes
longer than weaving, but the artisans involved in weaving usually work individually. The
steps in creating Geringsing textiles are further explained in the following sections.

4.3.1. Spinning cotton to threads
Cotton is the basic material used to produce the thread for Geringsing textiles as
this hand-made cotton yarn can easily absorb natural ingredients in the dyeing process. In
addition, hand-made cotton yarns have a higher quality and better durability than
manufactured fabric cotton yarns. Currently, the production of cotton in the Tenganan
Pegringsingan village cannot meet the demand, so the makers obtain materials from Nusa
Penida, an island close to the Bali mainland known for the quality of its cotton thread.
Currently, only one person in Tengangan Pegringsingan is still actively producing
threads from cotton. The process of spinning the yarns begins with choosing the best
cotton seeds. These seeds bring the cotton through a device named penggilingan. Then,
after dispersing the cotton, a bow-like device is used to spread out the dispersed cotton
and move it to a bobbin. Next, a tire-like device is rotated join the dispersed cotton into
yarn. The images below illustrate this process.
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Figure 4.3. Spinning cotton into yarn. Left: Dispersing the cotton seeds; Middle: Bowing the
cotton to a bobbin; Right: Spinning the dispersed cotton into yarn.

After the yarn is ready, the next process is dyeing the threads a light-yellow, the
basic color of Geringsing textiles. This step and the use of this color prepare the threads
for the next dyeing process, allowing them to easily absorb the next color.

4.3.2. Dyeing the basic color
The dyeing process is divided into two phases: the first dyes the threads the basic
color before they are wrapped, and the second dyes them indigo and red after the
wrapping process. To create the light-yellow color, the threads need to be dyed with a
mixture of oil and lye. According to Ramseyer-Gygi (1979):
“To obtain the lye, water from a coconut is dripped onto pressed wood ashes; the
resulting lye solution is drained off using a palm-leaf tunnel. Nuts from the
aleurites moluccana are boiled and crushed to yield their oil, which it then mixed
with the lye. The cotton skeins are then added to this oil and lye solution” (p.30).
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This preparatory processing permits the actual dye to be absorbed evenly into the fibers
quickly. A ceremonial cloth is spread over a large earthen jar containing the steeping
skeins to protect them against evil spirits. The yarns remain in the jar for a period of 42
days, after which they are hung up for 42 days, exposed to the dew and the heat of the
sun. The hibiscus blossoms hanging in the skeins have the power to ward off evil spirits.
Once the threads are dyed light-yellow, they are transferred to the warp and weft
frame. The technique of creating the Geringsing textile is the double-ikat, meaning that
the patterns must be wrapped and dyed in both warp and weft skeins. To match the
pattern of both skeins requires precise calculations.

4.3.3. Transferring the threads to the warp and weft frames
The process of transferring the threads to the warp and weft frames is done
separately because each has a different calculation. The warp skein is the thread facing
vertically in the loom, while the weft skein interlaces horizontally within the warp
threads. The warp skein is calculated based on the width size of the Geringsing cloth, and
the weft skein is determined by the length size. As the process of creating Geringsing
textiles is time-consuming, the makers usually transfer the warp and weft threads to the
frame for four to six textiles.
The warp frames. In transferring the threads to the warp frame, referred to as
ngelimbengan, the makers pass the threads from one wooden stick to another by circling
both woods to create the number eight without breaking up the threads; as a result, at the
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end of the weaving process, the fringes become connected. The images below show an
aerial view of the device for ngelimbengan.
The sequence of transferring the yarns to the warp frame involves five steps.
(1) The process of ngelimbengan requires several rounds, the first using two groups of
threads, each consisting of 16 threads. These 16 threads are divided into four sub-groups,
each with four threads. As seen in Figure 4.7, the wooden stick in the right image shows
the placement of the 16 threads in the four sub-groups while the wooden stick on the left
shows the 16 threads joined tightly into one group. There are two tied groups on the left
and eight sub-groups on the right.

diikat diujung

sebagai hasil akhir 8 lembar kain, maka
dibutuhkan 8x2 buluan, dimana
masing-masing kain membutuhkan 2
buluan.

setiap 4 helai dijadikan satu
4x4
helai benang

diikat menjadi satu buluan

Figure 4.4. (a) The ngelimbengan device seen from above; (b) The ngelimbengan tool is showing
the arrangements of the threads.
setelah dua buluan dijadikan satu - dengan proses 5 ke 4, 6 ke 3, 7 ke 2, dan
8 ke 1,
selanjutnya penyatuan 8 gabungan buluan menjadi satu

selanjutnya disebut satu tigeh yang terdiri dari 16 buluan.
Satu tigeh dibagi 4 bagian besar untuk pembuatan motifnya
untuk kain anteng, dibutuhkan 7 tigeh (setengah dari 4 bundel), dimana
nantinya masing-masing tigeh akan diambil 2 buluan untuk pembuatan satu
kain

(2) A specific rule is applied to reduce the eight sub-groups into the four on the right: the
first thread is combined with the eighth, the second with the seventh, the third with the
sixth, and the fourth with the fifth.
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(3) The result from Step Two is referred to tigeh; one tigeh indicates one textile. In this
case, the pattern maker does the ngelimbengan for four textiles, so this process is
repeated four times as shown in Figure 4.8 (b).
(4) The combination of threads is slightly different when combining each set of tigeh into
one buluan. In this case the first combines with the fifth, the second with the sixth, the
third with the seventh, and the fourth with the eighth. Once one buluan is set up, the
process can be continued to create up to 12 buluan. See Figure 4.9 for clarification.
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(5) The image below on the left shows 12 buluan ready for sipat, a process of providing
lines on the yarn; once this step is done, the warp frame is prepared to be wrapped as can
be seen on the image below, figure 4.10.

Figure 4.7. Skeins with sipat
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Figure 4.8. The fundamental unit of Geringsing talidandan patlikur

The weft frames. In general, there are only two length sizes for the Geringsing
textile: regular and tubuhan, which is three times longer than the regular size. The
Geringsing talidandan patlikur discussed here has a regular size, approximately two
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meters in length. The process of transferring yarns to a weft frame is referred to as
ngerengang or sutagi. Based on the fundamental unit, geringsing patlikur talidandan
needs 56 tigeh for the main pattern and 15 tigeh for the border patterns, meaning there are
71 tigeh in total.

A device
for the
threds

one
group
thread

C

Figure 4.9. The Illustration of ngerengang for the weft frame
This is 1 buluan (3 groups of tigeh)
So, there will be 71 buluan with 3 tigeh threads in each. The way the pattern
maker count one buluan is by counting one tigeh on top and two tigeh
below, or two tigeh on top and one tigeh below with a rope.

The ngerengang process transfers the threads from the spools to the weft frame.
Since the pattern maker plans to create four textiles, one action of pulling the threads will
bring 28 threads since one textile needs seven threads (usually one textile needs only four
threads, but sometimes the maker creates more in case one breaks). The process of
transferring the threads to the frame, or ngerengang, is done by spinning the frame on its
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axis. One tigeh has 28 threads, and one buluan for the weft frame consists of 3 tigeh. So,
the weft frame for the Geringsing patlikur talidandan has 71 buluan, with three tigeh in
each. The makers count one buluan by counting one tigeh on top and two tigeh on the
bottom or two tigeh on top and one tigeh on the bottom. Each buluan is tied with a rope.

4.3.4. Wrapping the threads
The warp frames. Wrapping, or medbed, is a process of wrapping the threads to
protect the yarn from the dyeing process. The wrapping occurs after the threads are in the
frame. Both the warp and weft frames have been given sipat, a process of providing lines
on the yarn, prior to the wrapping. The person doing the wrapping has to provide plastic
ropes in two colors corresponding to the pattern’s example, typically a blue rope for the
threads to be dyed light yellow and a red one for those to be dyed red. Those not
wrapped are dyed black at the end.
The weft frames. Medbed weft threads involves ati, which locates the middle of
the weft yarn. The pattern maker always starts wrapping from the middle/ati before
continuing to the left or right, meaning ati is the parameter for wrapping the weft yarn.

Figure 4.10. Wrapping the warp threads
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Figure 4.11. Wrapping the weft threads

4.3.5. Dyeing the warp and weft threads
Once the wrapping of both yarns is finished, the yarn is pulled from the frame
using a cord to ensure the pattern is maintained. The indigo or the dark blue is processed
in Bugbug, a neighboring village of Tenganan Pegringsingan. The indigo takes
approximately two weeks to absorb into the yarn. The red is then processed in Tenganan
Pegringsingan village, a process takes a long time, between one to three years. The
threads dyed indigo become black when combined with the red. The threads removed for
the red wrapping become red, and the yarn remaining wrapped is light yellow.
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The image on the left is the weft thread;
the image below is the warp threads.
During the dyeing process, both the warp
and weft are placed in the same container.
The dyeing process for the red is the most
demanding.

Figure 4.12. Left: The weft yarns after the coloring process;
Right: The warp yarns after the coloring process.

The indigo process is completed outside of Tenganan Pegringsingan, when the
indigo is mixed with red, it becomes black, and the light yellow becomes red. The
subsequent red dying is done in Tenganan itself. The ingredients for this color include
two parts of crushed bark from root stocks of the morinda citrifolia and one-part
pulverized bark from the baccaurea racemose tree (Ramseyer-Gygi, 1979, p.46). This
dyeing process is more demanding than the others as it usually takes between one and
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three years because it must be repeated three to five times and one cycle alone takes
about six months.

4.3.6. Ordering the yarns
After the coloring process is complete, the next operation is mesa’ak, the process
of splitting the colored yarn based on the design of the textile. This process uses rice
water to strengthen the yarn so that it is not easily broken. The splitting process for the
weft and the warp is slightly different. Since the initial process of transferring yarn to the
frame produces four textiles, the splitting process divides the weft into four textiles, each
requiring seven threads.

4. MESA'AK DIHI
12
11
10
9
8
7
6
5
4
3
2
1

Figure 4.13. The process of splitting/mesa’ak of the warp threads (this schema was developed
upon the similar schema by Ramseyer-Gygi, 1979, p.52)
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The pattern maker also needs to split the threads of the four textiles for the warp. The
model below illustrates this process for a pattern, showing one buluan (the number 12)
which consists of four tigeh, with each tigeh having two groups of 16 threads that will be
used for one textile.
Ngu’un is the last step in creating a pattern with both the warp and weft yarns.
After the splitting, the next step is ordering the yarn. Ngu’un involves the warp thread
that has been patterned in order so that the weaver can easily put the yarn on the loom.

Figure 4.14. The process of ordering the threads before putting them on the loom

4.3.7. Weaving
Weaving unites the warp and the weft threads to create a textile or cloth.
In double ikat, specifically, the patterns are applied to both warp and weft threads,
meaning the weaver has to match the pattern designs for both. Once the process of
creating a design in the threads has been completed, the weaver sets the threads on the
loom, the warp placed horizontally and the weft vertically. The weaver has to perform
ngekek to match and organize the patterns of the warp and weft.
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Figure 4.15. Left: The backstrap loom; Middle: The weaving process; Right: The process of
ngekek

4.4. Conclusion
Although production of Geringsing textiles is time-consuming and demanding, it
benefits the people who create the textiles as well as their users. The makers and users
treat the textiles as sacred objects: the flow of protection is reciprocated between the
process of creation and use. This continues today as these textiles are used in religious
ceremonies both in the village and the surrounding area, albeit with a few modifications
in the process of creation. Previously, the makers used the old textiles as a sample for
wrapping threads, but they have now replaced it with a cross stitch so that the old textiles
are not damaged. In addition, the earlier rope used was made from natural plants or kubal,
while a plastic rope is used today. Significantly, the villagers in Tenganan have made
only small changes, keeping the overall process rooted in the legacy from earlier
generations. The people of Tenganan Pegringsingan believe that by holding on to the
legacies from older generations, they can live life harmoniously. Those beliefs are what
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make this village unique in the Bali region specifically and in the world generally. The
people here are open-minded and invite researchers from many parts of the world to
study their culture with the purpose of documenting it and the corresponding knowledge
for generations to come.
In conclusion, people in Tenganan Pegringsingan believe that protection can be
achieved when the elements that support the process of creating Geringsing textiles –
application of cultural symbolism, color symbolism, and interlacement of the warp and
weft – are in balance and harmony. The cultural symbolism, which is the plus sign (+),
ensouls all the patterns on Geringsing textiles. Geringsing textiles consistently use three
colors: red, black, and light yellow, which are represented cycle of life, creation,
maintenance, and purification. The parameter or critical calculation for warp and weft is
in the fundamental unit. A fundamental unit is a small portion of a complex pattern that is
repeated to create a full pattern. This cultural information is used as a guideline in
investigating the Geringsing textile patterns, which are described in the following
Chapter V.
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CHAPTER FIVE
VISUAL COMPUTATION ANALYSIS

5.1. Introduction
Simulation research methodology took place after ethnography. Simulation is
divided into three stages: visual computation analysis, formulation design application,
and verification of the design application. The first stage is explained thoroughly in this
chapter, while the other two stages are described in the following chapter.
Foster (1984) has summarized the kinds of features that is used in the recognition
of shape: global feature and local feature (Foster, 1984, p.84). Global feature associates
with symmetry, which controls the motion of the design through one or more isometry:
translation, rotation, reflection, and glide reflection. Local feature associates with shape
grammar. According to Knight (n.d.), “Shape grammar is both descriptive and generative.
The rules of a shape grammar generate or compute designs, and the rules themselves are
descriptions of the forms of the generated design” (“introduction,” para.2)
Visual computation analysis is started by familiarizing Geringsing textile
structures and determining samples for further inquiry, followed by redrawing the chosen
samples, examining symmetry classes for all chosen samples, tabulating the data, and
investigating shape grammar formalism.

5.2. Structure of Geringsing textile
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The structure of the Geringsing textile consists of three parts: body, border, and
verge as seen in Figure 5.2. The body patterns are located in the middle; the border
patterns surround the body patterns, and the verge reaches from the border patterns to
the edge of the textile. The verge consists of an intertwined arrangement of white, red,
and black threads ending in a fringe. The patterns of the Geringsing textile appear in the
body and border.

VERGE

BORDER

BODY

BORDER

VERGE

Figure 5.1. The structure of Geringsing textiles
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All Geringsing textiles are symmetrical as the two halves mirror each other, and
this half is also symmetrical to the quarter. This patterning reflects a plus sign (+), which
is believed to be represent the unification the elements symbolized by the horizontal and
vertical directions creating balance and harmony. The general rules for the Geringsing
textile structures are (1) the entire pattern of the Geringsing textile is composed of the
reflection and repetition of the textile’s quarter segments, and (2) the structure of the
Geringsing textile consists of the body, border, and verge, with only the body and border
areas containing the patterns.
The global fundamental unit is the smallest aspect of a Geringsing textile pattern
that contains a reference of the body and border patterns. It is always half the width of the
textile but not always half its length. The longest global fundamental unit is the halflength of the textile, but the shortest varies, depending on the number of its repetitions of
the global fundamental unit. Figure 5.3 below shows the steps involved in examining a
global fundamental unit from a Geringsing textile.
This global fundamental unit is the parameter for creating a Geringsing textile
pattern using the double-ikat weaving technique, meaning this global fundamental unit
provides the information for the warp and weft threads. The double-ikat requires that the
warp and weft threads have to be patterned prior to the dyeing and weaving processes.
The pattern creator creates only one fundamental unit, which is then repeated and
reflected several times to create the pattern of the full cloth. Although Geringsing textiles
have three structural components, only border and body patterns are represented in the
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fundamental unit, with the verge being excluded. The body pattern is repeated more than
once unlike the border pattern.

The fundamental unit is the smallest
aspect of the Geringsing textile
pattern.
To determine the fundamental unit:
Divide the textile into four (A);
then, observe the A. If there is a
repetition, the smallest unit of that
repetition is B.
Next, separate the B into C’s.
C is the fundamental unit of this
textile.

Figure 5.2. The fundamental unit of a Geringsing textile

The grammar of the fundamental unit is understood by the pattern creator, pattern
maker, and the weavers as they all use it. The pattern creators who creates the textiles
creates a global fundamental unit by utilizing box lines to help them, while a pattern
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maker uses it to calculate and apply the rope to the threads prior to the dyeing process,
and weavers, to match the pattern between the warp and the weft. As one misstep in
interpreting or calculating the box lines ruins the entire process, those involved in
production must concentrate and focus.

5.3. Selecting Samples
The researcher collected 200 samples of Geringsing textiles from several sources:
books, journals, museums, and images taken by the researcher during field work. From
these 200 images, the researcher found 27 different types of patterns: 19 old patterns and
9 new patterns. The old patterns are those created before the 1990s, while the new
patterns were created after that date. One sample was taken from each of these 27
different patterns to be redrawn during the investigation process, the primary criterion
affecting selection was the image’s resolution. It needed to be high so that the pixels
would not be affected when the researcher zoomed out, important because the researcher
needed to calculate the number of threads in the textiles to determine the fundamental
unit dimension.
The samples were then redrawn prior to the symmetry analysis and shape
grammar formalism to provide detailed information about the fundamental unit, which is
the parameter for creating the Geringsing textiles. The process of redrawing the
Geringsing textile patterns, which was achieved with the help of the AutoCAD program,
involved the following steps:
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(1) Calculate the number of threads using the half-width of the cloth. Four threads
represent one box. Based on the number of threads, calculate the number of boxes
needed and draw the box lines. Since the number of boxes vary in length, the
researcher must provide a flexible number of boxes.
(2) Scale half the width of the Geringsing textile pattern image between the box lines
that have been created. To ensure that the size of the cloth and box lines match,
layer the box lines on top of the textile images.
(3) Redraw the patterns using three hatches: a solid hatch for white, a line hatch for
red, and no hatch for black.
The figure below provides an example of an original fundamental unit and the resulting
redrawn pattern.
1
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Figure 5.3. (a) Left: A fundamental unit of Geringsing
1 2patlikur
3 4 talidandan;
5 6 7 8(b)9Right:
10 11An
12image
resulting from redrawing this textile.

Patlikur = 24 /2 = 12 buluan
= 48 tigeh

Figure 5.3. uses three hatches as representation of red, black, and light yellow.
However not all Geringsing textiles use three color, some are only using two colors.
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19 tigeh

17 tigeh

Although only black and light yellow/white are used, the process is the same as for any
other Geringsing textile because the black results from the sequential dyeing processes of
indigo and red. The other 26 pattern types were redrawn using the same procedure.

5.4. Symmetry Analysis
Specific for this study, investigation of symmetry analysis was divided into two
parts: point symmetry and one-dimensional symmetry. Point symmetry is for a design
that is not admit any translation, in other word for finite design (Washburn and Crowe,
1988, p.57), while one-dimensional symmetry is for a design that admit translation in one
direction.

5.4.1. Point symmetry
Point symmetry has two different types: cn (c for cyclic) and dn (d for dihedral).
Cyclical is design unit that have n-fold rotational symmetry, while dihedral is design unit
that have reflection as well as n-fold rotational symmetry (Washburn and Crowe, 1988,
p.57). A design unit is a specific figure, which follow either rotation and/or reflection.

c1

c2

c3

c4

d1

d2

d3

d4

Figure 5.4. Point symmetry (Washburn and Crowe, 1988 p.57)
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the border
patterns

Number of Tigeh in Weft: 48
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Background color : Black
The use of Red color

= 24 /2 = 12 buluan
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The use of Black color
The use of White color

Symmetry Group
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No
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1
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Figure 5.5. Analysis of point symmetry; the image on the left admits d4

Symmetry Group

No

1 2 3 4 5 6 7 8 9 10 11 12
Design Unit

Point Symmetry

1

d4

2

d4

3

The design units on the left side are
design units of Geringsing patlikur
talidandan. All of them admit d4,

Patlikur = 24 /2 = 12 buluan
= 48 tigeh
d4

which mean each part of each design

4
pmm2
5

d4

d4

unit can be rotated and reflected in
four different directions.

The analysis of point symmetry was
6

d4

employed to all 27 types of
Geringsing textiles to see whether

7

d4

all of them share the same symmetry
classes or different.

Figure 5.6. Design units of Geringsing talidandan
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5.4.2. One-dimensional Symmetry
The fundamental unit— the small portion of a complex pattern that is repeated to
create a full design—was analyzed with one-dimensional symmetry classes to investigate
their relationship to the entire body pattern of Geringsing textiles. There are seven classes
under one-dimensional symmetry and the following chart (figure 5.7) is used to examine
the fundamental unit.

Figure 5.7. One-dimensional pattern group chart (Washburn and Crowe, 1988 p.83)

According to Figure 5.8, the chart is started with a question “is there a vertical
reflection?” it can be seen that there are reflections happened vertically, so the answer is
yes. Next, follow the line ‘yes’, the next question is “is there a horizontal reflection?” it
can be seen that there is a reflection happened horizontally. The ‘yes’ sign appoints class
of pmm2 as the end result. This analysis is applied to all fundamental unit of the body
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patterns from the 27 types of Geringsing textile patterns to see whether all Geringsing
patterns follow the same class or different.

Is there a vertical reflection?

yes
Is there a horizontal reflection?

yes
pmm2

Figure 5.8. Symmetry of the fundamental unit of a body pattern based on the one-dimensional
group chart.

5.5. Data Tabulation
After redrawing all 27 types of Geringsing textiles and followed by examining
point symmetry and one-dimensional symmetry to all of them, comparing the
fundamental unit along with the symmetry classes assign to each fundamental unit are
beneficial to understand variations of widths and lengths of boxes for each fundamental
unit, and to identify whether all the 27 patterns share the same symmetry classes or
different. In addition, comparing how the design units are arranged in a fundamental unit
can provide more data on the Geringsing’s pattern behavior, refer to table 5.1.
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Table 5.1. Comparation Table for all 27 Geringsing Patterns
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99

100

101

102
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Table 5.2. Summary of comparation data
No

Geringsing Pattern Types

Length
Width Background
Body Border
Color

Symmetry Group
Border Patterns
Body Patterns
Fundamental
Design unit
Fundamental
Design unit
unit
unit
pmm2
d1
d4
pmm2
c1
d1
d4
100%
100% 100%
100%
50%
50%
100%
33%
86%
100%
33%
67%
100%
100%
100%
10% 20%
80%
100%
100%
100%
33%
67%
100%
20%
80%
100%
100%
100%
33%
67%
100%
100%
100%
20%
80%
100%
100%
100%
100%
100%
100%
100%
33%
67%
100%
100%
100%
20%
80%
100%
100%
100%
20%
80%
100%
100%

1
2
3
4
5
6
7
8
9
10
11

Geringsing Wayang Putri
Geringsing Wayang Kebo
Geringsing Putri Dedari
Geringsing Patlikur Isi
Geringsing Lubeng
Geringsing Pitara
Geringsing Padma
Geringsing Jero Gede
Geringsing Lanang
Geringsing Yuda
Geringsing Cakra

96
130
110
74
90
85
92
65
70
90
41

31
35
31
23
47
15
15
35
35
35

74
84
84
48
80
80
80
48
80
80
48

Black
Black
Black
Black
Red
Red
Red
Red
Red
Red
Red

12
13
14
15

Geringsing Enjekan Siap
Geringsing Sanan Empeg
Geringsing Sitan Pegat
Geringsing Dinding Ai

27
15
27
18

15
51
19

28
28
28
28

Black
Black
Black
Black

100%
100%
100%
100%

16
17
18
19
20

Geringsing Cicempakan
Geringsing Cemplong
Geringsing Batun Tuhung
Geringsing Gegonggangan
Geringsing Pitola

47
50
28
55
48

44
37
34
15
36

80
80
48
48
48

Red
Black
Red
Red
Red

100%
100%
100%
100%
100%

21
22
23
24
25
26
27

Geringsing Pepare
Geringsing Dinding Sigading
Geringsing Cemplong memedi
Geringsing Chili teteledan
Geringsing Teteledan
Geringsing Talidandan
Geringsing Gajah

90
33
27
86//2
19
28
32

47
27
7
9
15
15
19

80
48
28
28
48
48
28

Black
Black
Black
Black
Black
Black
Black

100%
100%
100%
100%
100%
100%
100%
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Patterns'
arrangement category

Central Field
Patterns

100%
100%
100%
100%

100%
100%
100%
100%

100%
100%
100%
100%

Arranged in
distinguishable
checked rectangle

28%

100%
100%
72%
80%

100%
100%
84%
60%
86%

Repeating Patterns
composed with
stylized flowers,
lozenges, and stars

20%

100%
100%
100%
100%
100%

100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
80%
100%
100%
60%

Horizontally,
vertically, and
diagonally oriented
group geometric

20%

16%
40%
14%

10%

40%

5.5.1. Template for the fundamental unit
The template for creating a fundamental unit for Geringsing textile patterns has
five different width sizes:
(1) Size anteng has 14 tigeh, equal to 28 box lines,
(2) Size patlikur has 24 tigeh, equal to 48 box lines,
(3) Size petangdasa has 40 tigeh, equal to 80 box lines,
(4) Size small wayang has 37 tigeh, equal to 74 box lines, and
(5) Size big wayang has 42 tigeh, equal to 84 box lines.
In terms of length, there is no restriction on how many box lines are required for
each fundamental unit. According to the information in Table 5.2, the number of box
lines for one fundamental unit of body pattern is between 19 and 130, while the number
of block lines for border patterns is between 9 and 51. The dimensions of the fundamental
units are important as guidelines for creating a template for a fundamental unit: the width
includes only five options while the length is flexible.

Figure 5.9. The number of boxes for the widths and lengths of the fundamental unit
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5.5.2. Summary of Symmetry Classes
The overall point symmetry of body and border patterns follow d4, d1, and c1.
The highest percentage amongst other is d4, followed by d1 and c1. The overall onedimensional symmetry of body and border patterns follow pmm2 and p1m1. All onedimensional symmetry of border pattern admits pmm2, while one-dimensional symmetry
of body patterns nearly all patterns admit pmm2, only small percentage follow p1m1.

Figure 5.10. Symmetry classes for border and body patterns

5.5.3. Design unit arrangement in fundamental unit
Hauser-Schaublin, et.al (1991) categorized Geringsing textiles into four groups
based on geometrical shape: groups of geometrical shapes repeated in horizontal and
vertical directions, groups with rhythms of stylized flowers and small crosses, groups
with centralized patterns, and groups with patterns arranged in a checkerboard (HauserSchaublin, et.al, 1991, p.119). Since this categorization was developed in 1991, and there
is no detail explanation on how the geometrical shapes are arranged. In addition, it
requires refinement of details correlation design units within the fundamental unit.
1. Group 1: Geringsing textile patterns with center field patterns
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Eleven types of Geringsing textile patterns fell in this group. These fundamental
units have a main design unit displaying only a quarter of its design on one side;
when it is reflected, this quarter becomes a complete design unit located in the
middle of the cloth.
The fundamental units numbered 1 to 4 in Figure 5.15 have only one main design
unit with the sub-design units following the c1 class because these four are from
Geringsing wayang, a textile depicting traditional features in temples. The
fundamental units 6, 8, and 10 in this figure have one main design unit and one
secondary design unit that appears to frame the fundamental unit; inside this
frame are multiple sub-design units scattered between the main and secondary
design units. The fundamental units numbered 5, 7, 9, and 11are constructed with
a main design unit on one side and multiple sub-design units scattered in the
empty areas.
1

5

2

3

6

4

7
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8

5

6

7

10

8

11

9

Legenda:
Main design unit - d4
Secondary design unit - c1
Secondary design unit - d4
3
2
1

sub-design unit - d4

Figure 5.11. Configuration of the fundamental units in Group 1.

2.

Group 2: Geringsing textile patterns with design units with a distinguishable
checkered rectangular arrangement.
The fundamental units under this group have two design units arranged one after
the other similar to a checkerboard as can been seen in the Figure 5.10 below.
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1

2

3

Figure 5.12. Configuration of the fundamental units in Group 2.

3. Group 3: Geringsing textile patterns with geometrical design units arranged in a
horizontal, vertical, and diagonal directions.
All local fundamental units of body patterns in this group have a minimum of two
designs units organized one after another diagonally or not perfectly repeated in
horizontal line. There are six types of Geringsing textile patterns that follow this
rule.
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1

2

3

4

5

6

Figure 5.13. Configuration of the fundamental units in Group 3.

4. Group 4: Geringsing textile patterns with design units that are represented or
stylized by flowers, lozenges, and stars
All the design unit in these fundamental units are stylized from flower shapes and
tendrils. This design unit is arranged similar to a checkerboard or diagonally.
1

2

3

4

Figure 5.14. Configuration of the fundamental units in Group 4.
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5

5.6. Shape Grammar Formalism
A Geringsing textile is a complex pattern composed several design units that have
translation symmetry. The design units that compose a Geringsing textile follow d4, d1,
and c1 symmetry classes, with d4 as the highest percentage among others. Hence, this
section focuses on building the shape grammar formalism for d4 symmetry classes.
The process of creating Geringsing textile patterns is created from box lines, so
the initial shape is a box or a square. Geringsing textile patterns consistently use three
different colors, so the initial shape is shaded with three different hatches to represent
three different colors. The spatial relations between the squares are reflected in sides
and/or corners of the initial square. There are nine rules for adding shape to the initial
shape, and each rule has sub-rules for different hatches.

5.6.1. Shape Rules
The shapes rules consist of rule addition, rule subtraction, and termination rule.
Figure 5.15. depicts the rules for the design unit of Geringsing textile patterns. Rule
addition is depicted from rule number one through six. Rule number one describes an
additional a new shape that is reflected on the sides of the initial shapes. This reflection
can occur on all sides of the initial shape. Rule one has three sub rules, and each sub-rule
basically explains the process of adding a new shape that has different hatches. Rules two
and three are the same with rule one, except that the two rules have a different initial
shape.
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Rule four describes a new shape that is reflected at the corners of the initial
shapes. This reflection can occur at all ends/corners of the initial shape. Rule four has
three sub rules, with each sub-rule explaining the process of adding new shapes that have
different hatches. Rules five and six are the same with rule four, excepting that those two
rules have different initial shapes.
Rule subtraction is depicted rules seven through twelve. Rules seven, eight, and
nine describe the subtraction of a shape and leave only an initial shape with white/light
yellow, red, and black respectively. Rules ten, eleven, and twelve describe the subtraction
of a shape that is located in the corner of the initial shape and leaves only an initial shape
with white/light yellow, red, and black respectively.
Rule thirteen portrays adding a reflection point in the middle point of the initial
shape. Rule number thirteen has three sub rules, with each sub rules explaining the
process of adding a reflection point in three different hatches. Rule fourteen involves
adding a reflection point in the corner of the initial shape. Rule fourteen has three
different sub rules, with each sub rules explaining the process of adding a reflection point
in three different hatches.
Rule fifteen describes reflection directions from the reflection point. The shape
that contains the reflection point needs to be reflected in three different directions to
create a design unit that follows d4 symmetry class. Rule nine has two sub rules, and each
sub rule portrays different locations of the reflection point. Rule ten dismisses the
reflection point from the shape.
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hatch for red

hatch for black
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Rule 5
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4b

5b
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4c
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6c

Rule 7

Rule 8

Rule 9

7a

8a
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7b

8b

9b

7c

8c

9c

Rule 10

Rule 11

Rule 12

10a

11a

12a

10b

11b

12b

10c

11c

12c

Rule 13

Rule 14

Rule 15

7a

8a

9a

7b

8b

9b

7c

8c

reflected to the other three
directions with the dot sign
as the rotation point

Figure 5.15. Shape rules for the design unit of Geringsing textiles
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5.6.2. Derivation Rules
Figure 5.16. shows how to apply the rules to create a design unit. These rules are
used to create a quarter part of a design unit. Then, this part of a design unit can be
repeated through a reflection to create a complete design unit. This concept follows a d4
symmetry class. The design unit is generated following these rules:
2c,5c,1a(7x),4b,5a,8b,9b

Derivation rules: 2c, 5c,1a (7x),4b,5a,8b,9b

Rule 2c

Rule 5c

Rule 1a

Rule 1a

Rule 1a

Rule 1a

Rule 1a

Rule 5a

Rule 4b

Rule 8b

Rule 1a

Mirror Reflection

Rule 9b

Mirror
Reflection

Mirror
Reflection

Figure 5.16. An example of a derivation rule in creating a design unit
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Rule 1a

5.6.3. Potential design unit for two colors
In this section, possible configurations of the design units are created by using a
mathematical approach with a combinatorial approach. A restriction that need to be
considered is that the number of the boxes must be the same vertically and horizontally.
This section discusses two colors, with one color as the background and the other as the
shapes combinations.

1) Three boxes in horizontal and vertical directions create 3 configurations

Figure 5.17. A configuration of three boxes.

2) Four boxes in horizontal and vertical directions create 3 configurations

Figure 5.18. A configuration of four boxes.

3) Five boxes in horizontal and vertical directions create 7 configurations

Figure 5.19. A configuration of five boxes.
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4) Six boxes in horizontal and vertical directions create 7 configurations

Figure 5.20. A configuration of six boxes.

5) Seven boxes in horizontal and vertical directions create 15 configurations

Figure 5.21. A configuration of seven boxes.

6) Eight boxes in horizontal and vertical directions create 15 configurations

Figure 5.22. A configuration of eight boxes.

The number of possible configurations can be computed using the following formula:
!"#$% = !#% + !#" + !#) + !#….# = 2# − 1
!"# = !#% + !#" + !#) + !#….# = 2# − 1
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The first formula is for the number of boxes that is even, and the second one is odd. Both
formulas end up with the same formula. So, here are the general formula to calculate the
combination according to the number of boxes.
/ 0 = 10 − 2
!# = 34556789 :4;76<=>64< 4? 74@95 ?4A 9=:ℎ 8=C9A − >D4 :484A5
0 = ⌈F/1⌉
< = <I;79A 4? 74@95 ℎ4A6J4<>=88C/K9A>6:=88C

The formula shown above is to count combinations per layer. To generate more possible
design units, each layer can be merged.

Table 5.3. Number of design units’ configurations for two colors
No of boxes
1
2
3
4
5
6
7
8
9
10
11
12
…
1x1
1x3x
1x3x7x
1x3x7x15x
1x3x7x15x31x
1x3x7x15x31x63

1

2

3

4

5

6

7

8

9

10

11

12

1
3
7
15
31
63

1
3
21
315
9,765
615,195
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…

The number of possible configurations across layers can be calculated through the
following equation:
#

L!2 = M(2# − 1)
#P%

L!2 = >4>=8 Q4556789 :4;76<=>64< D6>ℎ ;I8>6Q89 8=C9A5 − >D4 :484A5

Figure 5.23. The 21 configurations for one, three, and five boxes.

Figure 5.23 above shows the 21 different arrangements from one, three, and five
square boxes. From these 21 arrangements, half are used with the current Geringsing
textiles patterns. The other half of the configuration can be used as a possible new design
unit for Geringsing textile patterns.
Figure 5.24. below shows a combination of one, three, five, and seven square
boxes, which created 315 arrangements. Approximately 19 design units from these 315
designs are used at the current Geringsing textile patterns. So, the rest of the
configurations can be used as the new source of idea for the design unit of Geringsing
textile patterns. The new possible design units that are created from these rules still
follow the concept of Geringsing textile patterns, because the rules are extracted from the
analysis of current Geringsing textile patterns.
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Figure 5.24. The 315 configurations for one, three, five, and seven boxes
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5.6.4. Potential design units for three colors
The possible configuration for three colors can be computed with the following
equations:
!#"…# = !#" (2" − 2) + !#…# (2…# − 2)
!#"…# = 34556789 :4;76<=>64< 4? 74@95 ?4A 9=:ℎ 8=C9A − >ℎA99 :484A5
R = ⌈</2⌉
< = <I;79A 4? 74@95 ℎ4A6J4<>=88C/K9A>6:=88C

#

L!3 = M(!#"…# )
#P%

L!3 = >4>=8 Q4556789 :4;76<=>64< D6>ℎ ;I8>6Q89 8=C9A5 − >ℎA99 :484A5

Table 5.4. Number of design units’ configurations for three colors
No of boxes
1
2
3
4
5
6
7
8
9
10
11
12
…
2x1
2x12
2x12x50
2x12x50x180

1

2

3

4

5

6

7

8

9

10

2
12
50
180

2
24
1,200
126,000

120

…

Figure 5.25 are design units generated for combinations of one, three, and five boxes with
three colors. From those 24 new possible design units, about 8 design units are already
used for current Geringsing textiles.

Figure 5.25. The 24 configurations for one, three, and five boxes

Figure 5.26. The 96 configurations from 1200 for one, three, five, and seven boxes
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5.7. Conclusion
The shape grammar formalism and symmetry along with the resulting tabulation
of data led to four types of rules which were established to develop a design application.
1. Template
Five different widths and a variety of length between 50-120 pixels/boxes.
2. Color and design unit’s arrangement
Geringsing textile patterns consistently uses three colors: red, black, and light
yellow. So, it is important to consider using these the three colors in generating
design units. Geringsing textiles are categorized into four group patterns’
arrangement.
3. Symmetry classes
The fundamental unit of all 27 types of Geringsing textile patterns follow pmm2,
while the design units admit d4, d1, and c1, with d4 mostly used among others.
4. Shape grammar formalism
There are 15 rules that can be applied to generate the design unit and fundamental
units of Geringsing textile patterns.
These four types of rules are the basis for developing a culturally specific design
application.
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CHAPTER SIX
CULTURALLY SPECIFIC DESIGN APPLICATION

6.1. Introduction
This chapter focuses on the third research question that explores how to simulate
a culturally specific design application from a culturally specific shape grammar and,
further, how to test or verify whether this culturally specific design application can serve
the local artisans. The simulation model of culturally specific shape grammar, the
culturally specific design application, not only facilitates the visualization and
investigation of the Geringsing textile patterns but also can be used as a design tool that
is culturally specific, meaning that the local artisans and the younger generation in the
area can apply and utilize this design application.
Hughes and Works (2006) argued that designing interface is an iterative process,
requiring fieldwork to gather direct feedback from the indigenous community as well as
using the local language to improve a sense of ownership (Hughes and Works, 2006,
p.151). Hence, to provide a suitable user interface that best serves the local community,
gathered feedback from the participants are necessary as well as using the local language
in the interface.
Information about the template for creating a fundamental unit of Geringsing
textiles, the colors that are used in the textiles, the symmetry classes admit by the design
and fundamental units of all Geringsing textiles, and the shape rules from Chapter Five
are employed in this section to build the culturally specific design application using
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Processing programming language. This chapter is divided into two parts: (1) building or
modeling the culturally specific design application, (2) simulating three scenarios, and (3)
testing the culturally specific design application along with the three scenarios using local
artisans and the younger generation in Tenganan Pegringsingan in Bali, Indonesia.

6.2. Building the Application
The user interface for the application was created as simple as possible, which all
functions can be placed in the same scene. The fundamental units of the body and border
are located separately to give a clear vision and the opportunity for the user to think
independently when designing the body and border patterns. An additional visualization
of the overall pattern is also embedded on the same page as these local fundamental units
to provide a more complete visualization for the patterns’ creator when designing the
pattern. The interface designed for the fundamental unit can be seen in Figure 6.1, the left
side illustrating the fundamental unit for body patterns, the upper right, the fundamental
unit for border patterns, and the bottom right, the overall visualization.
The boxes provide the specific calculation to match the patterns of the warp and
the weft threads for Geringsing textile patterns in this simulation model; for example, one
box represents four threads for the warp. By calculating the number of boxes horizontally
and vertically, the pattern makers can determine how many threads are needed to create a
specific pattern.
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INTERFACE FOR THE GLOBAL FUNDAMENTAL UNIT

Local Fundamental Unit
Area for border
of Border Patterns' area

Controller

patterns’ area

LocalArea
Fundamental
for body Unit
of Body
Patterns'
patterns’
areaarea
Visualization of overall patterns

Figure 6.1. Outline for the interface design of the application.

The algorithm pseudocode for the design application is given below:
(1) Divided the layout into four areas as shown in Figure 6.1.
(2) The Geringsing textile consistently uses three colors: yellow, red, and black. Black is
used as the background color, while light yellow and red are translated using the
mouse button: the right mouse button applies and erases the red while the left one
applies and erases the yellow. For instance, the user clicks the right mouse for red, reclicking it to erase the color, the same rules applying when clicking the left mouse
button for yellow.
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(3) The Geringsing textile patterns consistently follow the pmm2 class under the
Symmetry Group Theory. Hence, picturing the repeated fundamental units following
this rule is imperative for providing an overall design visualization.
(4) The controller area contains the buttons for adjusting the number of box lines for the
width and length of the local fundamental unit of the body and border patterns, the
size of the box for both local fundamental units and the overall patterns.
(5) The action of creating the patterns concentrates only on both local fundamental units
of the body and border patterns.
Controllers are required to provide flexibility for the user when designing patterns.
Since the textiles have five sizes and each textile has a distinct fundamental unit, the user
can easily adjust the template prior to designing the patterns. As seen in Figure 6.2 below,
the interface includes controllers that can adjust the vertical and horizontal sizes of the
fundamental units and the overall patterns. A detailed explanation of the five controllers
are as follows:
1) “A” is the width controller. Each of the five sizes for Geringsing has a different
number of grid lines: 28, 48, 74, 80, 84. This slider can be adjusted to those five
distinctive sizes.
2) “B” is the controller that adjusts the grid size in a fundamental unit. The scale for
the fundamental unit and overall pattern is 1:2.
3) “C” is a controller that adjusts the grid size in the overall patterns. Since the scale
is 1:2, if the size of the B is 14, C is 7.
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4) “D” is the controller that adjusts the number of grids for the border patterns which
affect the length of the textile.
5) “E” is the controller that adjusts the number of grids for the body patterns, which
also affect the length.
A
B
C
BORDER PATTERN
D
BODY PATTERN

E

OVERALL PATTERN

Figure 6.2. The interface including the controls that adjust the width and length of the textile.

To run this application, users first adjust the template; then they work only in the
areas of the body patterns and the border patterns, both of which are connected to the
overall pattern. For example, if the user clicks the left mouse button in one grid in the
body pattern area, that action becomes pictured in the overall pattern area as it reflects the
patterns from the fundamental units.
The scale between the fundamental unit and the overall pattern is 1:2 because the
purpose of the overall pattern is to visualize the global design. This application is created
to be as easy as possible for the local artisans to use.
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The fundamental unit is automatically visualized in the overall pattern

Figure 6.3. Design in the body pattern reflects in the area of the overall pattern.

Figure 6.4. The two images show the reiteration of the fundamental unit in the overall pattern

Border pattern visualization

Figure 6.5. An example of the reflection in the overall pattern when the user creates a design in
the border pattern
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Figure 6.6. Overall pattern design visualization

6.3. Simulating Scenarios
The purpose of the simulating scenarios is to apply the rules for creating a
fundamental unit of Geringsing textiles by utilizing the culturally specific design
application. Three scenarios were developed: one uses the initial fundamental unit of
Geringsing textiles, and two other scenarios use possible new design units.
1. The scenario for the current fundamental unit
The first scenario is based on the Geringsing textile pattern, Geringsing sitan
pegat. The purpose of the first scenario is to test the current design using a culturally
specific design application. Figure 6.7. below shows the fundamental unit of the body
pattern on the left and the fundamental unit of the border pattern on the right, with the
visualization of the overall pattern below the latter. This visualization is
approximately half the length of the textile and the scale, half the local fundamental
units of the body and border patterns.
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Figure 6.7. The first scenario for the design application.

The process for creating this textile pattern involves working only in the areas
of the fundamental units, these actions being reflected automatically in the overall
pattern. The figures below exemplify this process.
a. Create the body patterns in the body pattern area; any box created in this area is
reflected automatically in the overall pattern area

Figure 6.8. Designing patterns in the area of body pattern automatically reflect in the area of
overall pattern following pmm2.
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Figure 6.9. The body pattern design for the first scenario

b. Create patterns in the border pattern area; any box created in this area is reflected
automatically in the overall pattern area.

Figure 6.10. Patterns in the area of border pattern reflected in the area of overall pattern.

Figure 6.11. The simulation model for the first scenario.
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2. The scenario for possible new design units
The new design units were taken from possible configuration created in Chapter
Five, which is a combination of two, three, four, and nine boxes. Approximately 315
configurations can be created from this combination, with two design units
subsequently being randomly selected to be used in creating possible new fundamental
units that follow the concept of the Geringsing textile patterns.
Figure 6.12. shows the design units selected for creating the possible new global
fundamental units. As seen in Figure 6.12, the first row is the chosen design units, and
the second row is an expansion of the first row.

Figure 6.12. The new possible design units

The two scenarios for possible new Geringsing textile patterns designs are explained below.
a. The second scenario using the first row of design units in Figure 6.12.
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Local Fundamental unit of Body Pattern

Local Fundamental unit of Border Pattern

Controler

Visualization of Body and border pattern for half length of the actual textile

(Scale is 1:2 between the local fundamental unit of body and border patterns and the above visualization )

Figure 6.13. The second scenario for the design application.

Figure 6.14. The simulation model of the second scenario
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b. The third scenario using the second row of the design units in Figure 6.12.

Figure 6.15. The third scenario for the design application.

Figure 6.16. The simulation model for the third scenario.
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6.4. Testing the Application
The culturally specific design application along with three scenarios were tested by
the participants in Tenganan Pegringsingan. The number of participants is six, which
consist of one pattern creator, two pattern makers and/or weavers, one the chief of the
village, and two members of the younger generation, one school-age and one who had
graduated.
The procedure for testing this application consisted of several steps:
1. Introduction. The researcher explained the purpose of the design application to the
participant as well as describing the following instructions.
2. Observation. The researcher asked the participants to watch a recording of the
simulation scenarios of the current and possible new designs of Geringsing
textiles using a Tablet. This process was considered familiarization because the
participants not only observed but also learned and became familiar with the
procedure of the design application.
3. Interview. The researcher interviewed the participants, asking for their comments
on those three scenarios for the current design and possible new designs.
4. Utilization. The researcher asked the participants to use the design application.
5. Feedback. The researcher asked for the participants’ feedback on the simulation
model or the culturally specific design application.
After the participant watched the recording of simulation scenarios, then the
researcher asked questions. The first question was whether the first scenario resembled
the Geringsing sitan pegat, five of them said agree and the only one said maybe. Next,
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the researcher asked whether the second and third scenario was considered as Geringsing
textiles, for the second scenario: one person said agree, four persons said similar, and one
person said maybe, and for the third scenario: five of them said similar and one said
maybe. Most of the participant said the arrangement of the design units in the second
scenario was close to Geringsing sitan pegat, while the third scenario was close to
Geringsing sanan empeg.

Figure 6.17. Interview result from the three scenarios

The pattern creator, who spent more time on observation, utilization, and feedback
because he knew the process for creating the Geringsing textiles, said that this application
provides a simple template for creating the patterns since the fundamental unit can be
visualized as a bigger picture in the overall pattern area. He suggested more flexibility in
adjusting the template, especially when the artisans want to create patterns of differentsized textiles. Also, he asked the researcher how many possible design units that the
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researcher have created (personal communication, December 10, 2018). The chief of the
village utilized the culturally specific design application, he said thank you for digitizing
the knowledge, and please return it back to our village (personal communication,
December 14, 2018). The pattern maker and weavers observed how the simulation model
worked, but they refused to use the application, using the excuse that they were not
familiar with the technology.

Figure 6.18. The resulting images after the participants utilized the culturally specific
design application

The members of the younger generations in this village required less time for
familiarization but more time for utilization because they are more familiar with
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technology than their older counter parts. The first younger generation who are still in the
school age asked the researcher why that the application only have 3 colors (Personal
communication, December 16, 2018). And another younger generation expressed
excitement by asking why the patterns should be reflected the in this way (Personal
communication, December 16, 2018). Overall, they enjoyed playing with the application,
especially creating patterns in the fundamental unit pictured in the overall pattern that
follows pmm2 rules. They admitted that they had learned something new about their own
culture. Because they are so familiar with these textiles, they had not noticed the
consistency of color being used until they used this program.

6.4. Conclusion
To understand the indigenous algorithm—the set of rules related to the local
context— of Geringsing textiles, there is a need to understand the point of view, or
rationale, of the local artisans by immersing oneself in their daily activities related to the
process of creating these textiles. The patterns that appear in Geringsing textiles are
integral not only to the culture and ceremonies of the people in Tenganan Pegringsingan
village but also to how they perceive the world. The culturally specific shape grammar
translated into a digital application through this research is also culturally specific,
meaning the transformation process from the analysis of the pattern structure to the
translation into a digital application must reflect the artisan’s rationale in order to give
this design tool significance.
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In general, the purpose of creating this culturally specific design application as a
design and educational tool was achieved based on the feedback from the participants.
The local artisans indicated that this application provides a simple template for them to
use in the creation of Geringsing textiles, while the younger generations in this village
gained new insight into these textiles by utilizing this application. A sequential research
method of ethnography and simulation provided a strategy for constructing a culturally
specific design application that respects the cultural knowledge of the origin of the
material culture. This culturally specific design application is an approach that can
protect an oral tradition through a creative digital format that can be used as both a design
tool and an educational tool for members of the younger generation in the area.
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CHAPTER SEVEN
DISCUSSION AND CONCLUSION

7.1. Discussion
According to the guideline of preserving cultural knowledge, the process of
documenting and digitizing a cultural knowledge into a digital format requires (1) care in
order to avoid misperception, (2) accessibility to keep this digital heritage usable and
available, especially for the community who owns the tradition, and (3) reinforcement of
the transmission of cultural knowledge within communities (the guidelines for the
preservation of digital heritage, National Library of Australia, 2003, p.13). This study
was designed to fulfill the guidelines in preservation of digital heritage with a sequential
research methodology of ethnography and simulation.
Understanding the culture of people in Tenganan Pegringsingan through
ethnography was the fundamental step that allowed the researcher had a better
understanding before proceeding to the next step. The simulation research methodology
was to investigate, translate, and simulate the cultural knowledge into a digital format.
Moreover, the researcher revisited the site to verify the culturally specific shape grammar
(algorithm) by generating three scenarios along with testing the culturally specific design
application to the people in Tenganan Pegringsingan. The objective of revisiting the site
was not only to verify the culturally specific shape grammar and design application, but
also to see whether it can reinforce the transmission of cultural knowledge within the
community. At the end, the documents along with the digital application created in this
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study is returned back to Tenganan Pegrinsingan to support the usability and availability
of this digital format for people in Tenganan Pegringsingan.
Though several researches have studied on understanding, translating, and
preserving the process creation of a cultural object, few studies fulfill all suggested
guideline for preserving cultural knowledge into a digital format. Hence, this research
provides a new insight on how to fulfill all suggested guidelines—reduced
misinterpretation, available and usable, and strengthen the transmission process—through
the study of Geringsing textile patterns.
The shape grammar that were investigated in this study are specific and restricted
only to creating Geringsing textile patterns. The restriction of the rules, for example,
became apparent when the younger generation asked to the researcher why this
application has the three colors of red, black, and light yellow. That the researcher had to
explain that these colors are characteristic of Geringsing textiles indicates that the
younger generation may not be aware of the features of these textiles. In addition,
creating a Geringsing textile pattern requires the design of a fundamental unit; this
application provides a template in which the users only need to create the fundamental
unit in the specific area, then a visualization of the overall pattern is shown in an area
below it. The area of the overall pattern reflects symmetry of pmm2—a symmetry class
for a design that has reflection horizontally and vertically as well as translation in one
direction, which also raised a question from a participant, why should the patterns be
reflected this way? The researcher had to explain that the Geringsing textile patterns
follow a specific reflection and repetition. These evidences showed that this culturally
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specific design application can be used as a supplemental tool in transmitting the cultural
knowledge. For a cultural tradition to remain alive in a local society, the reinforcement of
the transmission process from the older generation to the younger one in the community
is necessary. As globalization affects the way the younger generation perceives the world,
translating the cultural tradition is a way to protect it.
The culturally specific shape grammar provides formalism of shapes rules along
with possible combination of these shapes rules, which generate hundreds and thousands
possible design units. These possible new design units offer the artisans with new ideas
for designing new Geringsing textile patterns that are aligned with the concept of these
textiles. According to the interview with one of the pattern creators, they are currently
looking for possible methods on generating new design that follow the concept or
philosophy of the current Geringsing textiles (personal communication, December 10,
2018). The possible combination of new design units found in this study is limited to
design units that follow d4—a symmetry class for a design that has reflection
horizontally, vertically, and diagonally, as well as rotation in 4-fold rotational symmetry.
Though past research has extended shape grammar theory to parametric shape
grammar, color grammar and structure shape grammar; and this study extends it further
by integrating it with ethnography to formulate culturally specific shape grammar.
Additionally, this research contributes to the shape grammar study by providing a method
in generating a design unit for d4 with two and three colors combinations—with a square
or box as the initial shape, six shape rules addition, six shape rules subtraction, three
shape rules rotations, and one rule termination. One box for the Geringsing textiles
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artisans is a way to communicate the number of threads that are needed for the creation of
the textiles, one box is equal with four threads for the warp and three threads for the weft.
Hence, a box or square is the initial shape that is used for the shape rules with three
different hatches to visualize three colors that consistently used for Geringsing textiles.
This method is found after understanding the cultural knowledge on site followed by
investigating the patterns of Geringsing textiles with shape grammar and symmetry, so
shape grammar formalism in this study is culturally specific.

7.2. Recommendations
This study provides updated documentation of the Geringsing textiles patterns
that is already owned by Tenganan Pegringsingan. The procedure used in this study to do
so involved decoding the cultural knowledge, analyzing the pattern designs, simulating
the algorithm in a model, and testing the simulation model using local artisans to verify
its validity for use as a guideline to achieve a culturally specific shape grammar. This
culturally specific shape grammar is designated for the local community that owns and
understands the significance of this cultural tradition. Reinforcing the transmission
process of this cultural tradition in the local community through this model and shape
grammar is beneficial for keeping this tradition alive. If this tradition remains alive in a
specific community, this community can protect this cultural tradition for the world.
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7.3. Limitations
The culturally specific shape grammar resulting from this study is specific for
Geringsing textile patterns produced in Tenganan Pegringsingan village. Thus, the rules
decoded in this study are specific for Geringsing textile patterns produced with double
ikat weaving technique; there are only two other places in the world that use the same
technique to produce these textiles. The rules for creating Geringsing textile patterns
cannot be generalized to the production of other textile designs although they use the
same technique as Geringsing textiles. The generalizations from this study apply only to
Geringsing textiles patterns because they were the subject of the analysis process.
The number of participants, or the sample population, involved in testing the
simulation model was six, small compared to the number of citizens in Tenganan
Pegringsingan village. This study involved a long process, beginning with ethnography,
continuing with analyzing the patterns, creating a simulation model, and finally testing
this application. In order to determine whether the simulation model is culturally specific,
the researcher needs verification from the pattern’s creator, weavers, and younger
generation. To fully understand this feedback requires addition research focused
specifically on the development of the culturally specific design application and its uses.

7.4. Suggestions for Further Research
The process of designing the interface for a culturally specific design application
needs to be refined and retested several times to ensure its accuracy for the younger
generation. Currently, this application can serve the local artisans, but it is not completely
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ready for the younger generations. Therefore, there is a need for further study focusing on
the implementation of the culturally specific shape grammar for these generations.
In addition, further research studying other textiles made using the double ikat is
needed, and the results should be subsequently compared with the three places that still
actively produce textiles using this technique to determine the similarity and differences
in the designs.

7.5. Conclusion
Culturally specific shape grammar provides a new approach applying shape
grammar and symmetry to protecting cultural knowledge. Building rapport with the local
artisans who own the cultural creation is necessary because such a study requires process
learning with the local artisans prior to investigating the patterns’ designs. In addition, the
researcher has to immerse him/herself in the local context to observe the cultural
behavior and to understand the cultural knowledge because the cultural creation is created
based on them.
The challenge in transforming the cultural knowledge into a digital format
involved the process of decoding this knowledge to reflect the artisans’ perspective. To
clarify and verify that the shape grammar—initial shapes, rules, and derivation of rules—
is culturally specific, a simulation model of this shape grammar was built. After building
the simulation model, the culturally specific design application tool was tested using two
local artisans and two young people.
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The artisans were impressed with this tool because it provides a ready-made
template for them. When the researcher began this study, the researcher was uncertain
whether the local artisans would accept this tool; however, the local artisans and the
younger generation were excited when the researcher explained how to use it. It took the
artisans some time to familiarize themselves with it although they can use a computer.
The process of understanding the cultural knowledge before analyzing the shape
grammar is an extension of this process. This study indicates that shape grammar can be
part of a culturally specific grammar that is beneficial for protecting cultural tradition as
well as useful for the local people in determining their design grammar.
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Appendix A - Ethnographic Analysis

Figure A-1: Domain Analysis as part of ethnographic data analysis.
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Figure A-2: Taxonomic Analysis as part of ethnographic data analysis.

149

Figure A-3: Componential Analysis as part of ethnographic data analysis.
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Appendix B - Pattern Analysis of 27 types of Geringsing textiles

Figure B-1: Patterns Analysis of Geringsing Chili-teteladan.
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Figure B-2: Patterns Analysis of Geringsing Patlikur Isi.
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Figure B-3: Patterns Analysis of Geringsing Putri Dedari.
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Figure B-4: Patterns Analysis of Geringsing Wayang Putri
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Figure B-5: Patterns Analysis of Geringsing Wayang Kebo.
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Figure B-6: Patterns Analysis of Geringsing Batun Tuhung.
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Figure B-7: Patterns Analysis of Geringsing Sanan Empeg.
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Figure B-8: Patterns Analysis of Geringsing Cicempakan
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Figure B-9: Patterns Analysis of Geringsing Talidandan.
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Figure B-10: Patterns Analysis of Geringsing Enjekan Siap.
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Figure B-11: Patterns Analysis of Geringsing Cemplong Memedi.
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Figure B-12: Patterns Analysis of Geringsing Gegonggangan.
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Figure B-13: Patterns Analysis of Geringsing Teteladan.
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Figure B-14: Patterns Analysis of Geringsing Pepare.
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Figure B-15: Patterns Analysis of Geringsing Dinding Sigading.
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d4

Figure B-16: Patterns Analysis of Geringsing Sitan Pegat.
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Figure B-17: Patterns Analysis of Geringsing Dinding Ai.
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Figure B-18: Patterns Analysis of Geringsing Lubeng.
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Figure B-19: Patterns Analysis of Geringsing Cemplong.
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Figure B-20: Patterns Analysis of Geringsing Pitola
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Figure B-21: Patterns Analysis of Geringsing Jero Gede
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Figure B-22: Patterns Analysis of Geringsing Yuda.
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Figure B-23: Patterns Analysis of Geringsing Pitara
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Figure B-24: Patterns Analysis of Geringsing Cakra.
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Figure B-25: Patterns Analysis of Geringsing Gajah.

175

Figure B-26: Patterns Analysis of Geringsing Padma
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Figure B-27: Patterns Analysis of Geringsing Lanang
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